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Sertraline Salts and Swteiofid-Reieaw Dosage FQrm£jal5gMo£ 

F'^tf9fthg!nv$nti9n 
This invention relates to certain salts of sertraline, and to a sustained-release 
5 dosage form of sertraline having an improved side effect profile, and to a method of 
treating a psychiatric or other illness comprising administering sertraline In such a 
sustained-release dosage form to a mammal, including a human patient, in need of 
such treatment. 

Background of the Invention 

10 

Sertraline is a selective serotonin reuptake inhibitor (SSRI), which is useful, 
mter alia, as an antidepressant and anorectic agent, and in the treatment of 
obsessive-compulsive disorder, premenstrual dysphoric disorder, post-traumatic 
stress disorder, chemical dependencies, anxiety-related disorders, panic and 

15 premature ejaculation. See U.S. 4,536,518, Published International Application WO 
92/18005, U.S. 5,130,338, U.S. 4,971,998, Published International Application WO 
92/00103, U.S. 5,061,728, U.S. 4,940,731, and U.S. 4,962,128, each of which Is 
incorporated herein by reference. Sertraline is also known as (1S-cis)-4-{3,4- 
dich!orophenyj}-1 ,2,3,4-tetrahydro-N-methyl-l -naphthalenamine, has the empirical 

20 formula C 12 H 17 NC1 2 , and has the structural formula 




25 



Sertraline is most commonly prescribed for therapy of depressive illness, in 
the general dose range 50-200 rng/day. Sertraline has an elimination half-life of 23 
hr, and is dosed once daily. 
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Patients are generally initiated on sertraline at a dose of 50 mg/day. Patients 
who do not respond at the 50 mg dose are given higher doses, initiation at doses 
greater than 50 mg is generally avoided, when possible, because side effects such 
as dizziness, tremor, and sweating, and gastrointestinal upset, are generally believed 
to be more severe at higher doses, if necessary to achieve efficacy, higher doses 
may be reached by slow titration up from lower doses. Improved sertraline dosage 
forms which exhibited a lower incidence and/or seventy of side effects would be 
advantageous because (1) patient comfort would be improved, and (2) dosing could 
be initiated at doses higher than 50 mg without the need for dose titration, initiation 
at higher starting doses would, in turn, be useful by potentially effecting a shorter 
onset of antidepresssve action. Thus, such an improved sertraline dosage form which 
permitted oral dosing of high doses of sertraline (e.g., 200 mg and higher) with 
relatively reduced side effects would permit wider therapeutic application of sertraline 
therapy, and would accordingly provide a significant improvement in dosing 
compliance and convenience. Likewise, an improved dosage form which lowered the 
incidence and/or severity of side-effects at lower doses would also be of significant 
value. 

Summary of the invention 

This invention provides an orai, sustained release dosage form of sertraline 
which decreases, relative to currently marketed instant release sertraline tablet 
dosage forms which deliver an equivalent bolus dose, the incidence and/or severity of 
gastrointestinal and/or other side effects such as dizziness, tremor and sweating. 
The dosage form operates by effecting the release of sertraline at a rate sufficiently 
slow to ameliorate side effects. 

Dosage forms which release more than 70% of their contained sertraline 
within one hour or iess are not "sustained release", and form no part of this invention. 
This feature thus excludes from the invention immediate release dosage forms 
containing 40 mg of sertraline or iess. Such dosage forms wiil technically release 
sertraline at a rate less than 40 mgA/hr, but are excluded because they do not do so 
in a sustained manner. 

In one aspect this invention provides a sustained-release dosage form 
suitable for administration to a mammal, comprising sertraline, or a pharrnaceutically 
acceptable salt thereof, and a pharrnaceutically acceptable carrier, 



WO 99/01121 



-3- 



PCT/1B9M)0«334 



which dosage form releases sertraline into a use environment at a rate not 
exceeding 0.8 mgA/hr/kg, preferably at a rate not exceeding 0.7 mgA/hr/kg, 

provided said dosage form (1) releases not more than 70% of the sertraline 
contained therein within the first hour following entry into said use environment and 
5 £2) releases sertraline at a rate of at least 0.Q2 mgA/hr/kg. This aspect of the 
invention describes a dosage form without regard to the size of any particular 
mamma!. 

In another aspect this invention provides a sustained-release dosage form 
suitable for era! administration to a mammal, comprising sertraline, or a 
1 0 pharrnaceutically acceptable salt thereof, and a pharmaceuficaliy acceptable carrier, 

which dosage form releases sertraline into a use environment at a rate not 
exceeding 40 mgA/hr, 

provided said dosage form (1) releases not more than 70% of the sertraline 
contained therein within the first hour following entry into said use environment and (2) 
15 releases sertraline at a rate of at least 1 mgA/hr. This aspect of the invention 
describes a dosage form suitable for administration to mammals such as average 
size adult humans. A dosage form according to the invention thus releases sertraline 
at a rate of from 1 to 40 mgA/hr. Particular release rate ranges include rates of from 
2 to 40 mgA/hr, 3 to 40 mgAmr, 1 to 30 mgA/hr, 2 to 30 mgA/hr, and 3 to 30 mgA/hr. 
20 The ranges 1 to 30 mgA/hr and 2 to 30 mgA/hr are preferred. The ranges 1 to 25 
mg A/hr and 2 to 25 mgA/hr are more preferred. 

Reference to a dosage form which "releases" sertraline means <t) release of 
sertraline to a mammal's gastrointestinal (Gl) tract following ingestion or (2) release 
of sertraline into an in vitro test medium for analysis by an in vitro test as described 
25 below. Reference to a "use environment" can thus be either to in vivo gastrointestinal 
fluids or to in vitm test medium. 

Rates of sertraline release lower man 25, 30 or 40 mgA/hr are also within the 
scope of the invention and may produce even better side effect profiles, particularly 
for patients under 50kg weight, for example children. Thus a sertraline release rate 
30 of 7 mgA/hr after ingestion represents a release profile within the scope of the 

invention and may be even more efficacious for ameliorating side effects. The rate 
must, of course, be high enough to provide therapeutic efficacy, that is, a 
therapeutically sufficient amount of sertraline should be delivered from the dosage 
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form before the dosage form is excreted with the feces. Accordingly, dosage forms 
according to the invention should release sertraline at a rate of at least 1 mgAihr. 

The unit *kg* as used herein in "mgA/hrykg* refers to kiiograms of body weight 
for the mammal being treated, 
5 it is noted that the mouth-to-anus transit time of a non-disintegrating (e.g. , 

tablet or multiparticulate) dosage form is approximately 24 hours. Dosage forms of 
this invention release at least 80%, preferably at least 70%, of their contained 
sertraline within 24 hours. Absorption of sertraline from the tower gastrointestinal (Gl) 
tract, especially from the colon, is less efficient than absorption from the upper Gf 

10 . tract, i.e., from the small intestine, as shown in Example 3. It is accordingly 

therapeutically advantageous to deliver less sertraline in the lower Gl tract and more 
sertraline in the upper Gl tract. Accordingly, controlled release sertraline dosage 
forms according to the invention release at least 60%, preferably at least 70%, of 
their contained sertraline within 24 hours, preferably within 18 hours, most preferably 

15 within 16 hours. 

Although dosage forms as defined above generally release at least 70% of 
their contained sertraline within 24 hours, a dosage form according to the invention 
can release substantially all of its sertraline weil before 24 hours so long as it 
otherwise releases sertraline at a rate not exceeding 40 mgA/hr or O.S mgA/kg/hr, 

20 The term "ingestion" as used herein is essentially synonymous with 

"swallowing". 

The invention Is particularly useful for administering relatively large amounts 
of sertraline to a patient. The amount of sertraline contained within the dosage form 
is preferably at least 10 mgA, and can be as high as 500 mgA or more. The amount 

25 contained in the dosage form is more preferably 25 mgA to 400 mgA. The dosage 
form can be unitary or divided e.g., constituted by two or more units (sush as 
capsules or tablets which, taken together, constitute the dosage form) which are 
taken at or about the same time. 

Sertraline can be employed in the dosage forms of this invention In the form 

30 of its pharmaceutical!/ acceptable salts, and also in anhydrous as well as hydrated 
forms. All such forms can be used within the scope of this invention. The sertraline 
employed is preferably the free base, hydrochloride, aspartate, acetate, or lactate 
salts. For convenience and consistency, reference to "sertraline" in terms of 
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therapeutic amounts or in release rates in the claims is to active sertraline, 
abbreviated herein as "mgA", i.e., the non-salt, non-hydrated free base having a 
molecular weight of 306.2. Amounts in mgA can conveniently be converted to 
equivalent weights for whatever salt form is desired. 
S The dosage forms which constitute the subject matter of the invention are, as 

mentioned, sustained release formulations. The dosage form can be in the form of a 
tablet, a capsule, a multiparticulate form, a multiparticulate form in a tablet or capsule, 
or a unit dose packet (sometimes referred to in the art as a "sachet"). Also included 
are combination dosage forms, for example those comprising one or more sustained 

1 0 release tablets contained: within a capsule shell such as a gelatin capsule shell. 

The term "tablet" is intended to embrace compressed tablets, coated tablets, 
matrix tablets, osmotic tablets, and other forms known in the art, and as more fully 
disclosed and described below. 

The term "capsule" is intended to embrace capsules in which the body of the 

1 5 capsule disintegrates after ingestion to release particulate contents which exhibit the 
desired sustained-release behavior, and also capsules for which the body of the 
capsule remains substantially intact during its residence in the Gl tract. 

In a further aspect, this invention provides a method for treating a psychiatric 
or other illness, comprising administering to a mammal in need of such treatment, 

20 including a human patient, a therapeutically effective amount of sertraline in a 
sustained-release oral dosage form which releases the sertraline according to the 
release rate described above. Such illnesses include those known in the art as being 
treatable with sertraline, including those mentioned above. 

In a further aspect, this invention provides a sustained release dosage form 

25 suitable for administration to a mammal, comprising sertraline or a pharmaceuticaity 
acceptable salt thereof and a pharmaceuiicaliy acceptable carrier, which dosage form 
releases sertraline in vitro at a rate less than 40 mgA/hr, when dissolution tested in a 
USP-2 apparatus containing a test medium comprising 900 mi of acetate buffer, pH 
4.0, which is 0.075 M in NaCi, at 37*0, as follows: 

30 (1) rf said dosage form is a sustained release tablet or a non-disintegrating 

sustained release capsule, said USP-2 apparatus is equipped with a paddle stirring at 
50 rpm; or 
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(2) if said dosage form is a multiparticulate, said USP-2 apparatus is equipped 
with a paddle stirring at 100 rpm; 

* provided said dosage form (a) releases not more than 70% of the sertraline 
contained therein within the first hour following initiation of testing and (b) releases 
S sertraline at a rate of at least 1 mgA/hr. 

Examples of dosage forms which fall into category (1) above include: 

a. sustained release reservoir tabiets such as coated diffusive tablets, 
osmotic tablets, and membrane coated swelling hydroge! tabiets; 

b. matrix tablets, both disintegrating and non-disintegrating; and 

10 c. non-disintegrating capsules; The capsule she!! material should be a non- 

geiatin polymer such as ethylcellulose or cellulose acetate. 

Examples of dosage forms which fall into category (2) above include unit dose 
packets {also known in the art as "sachets") and powders for oral suspension, 
ideally, each particle in a multiparticulate constitutes a self-contained unit of sustained 

15 release. The particles can be formed into larger units as by being compressed into a 
larger tablet-like unit which is more convenient for swallowing. The larger units 
disintegrate rapidly upon swallowing to give rise to the multiparticulate form, however. 

It is noted that the term "multiparticulate' means a plurality of particles 
wherein each particle is designed to yield controlled release of sertraline. Ideally, 

20 each particle in a multiparticulate constitutes a self-contained unit of sustained 

release. The particles can be formed into larger units. The multiparticulate particles 
each comprise sertraline and one or more excipients as needed for fabrication and 
performance. The size of individual particles is generally between about 50 pm and 
about 3 mm. A multiparticulate predominantly composed of particles toward the low 

25 end of this size range is sometimes referred to herein as a powder. Multiparticulates 
predominantly composed of particles toward the high end of the size range are 
sometimes referred to herein as beads. Beads having a size outside this range may 
also be useful. 

Any of the dosage forms in (1) or (2) above can be incorporated into a gelatin 
30 capsule. If the dosage form is in a gelatin capsule or otherwise gelatin coated, then 
the dosage form is tested in a USP-2 paddle apparatus as decribed in (1) or (2), as 
appropriate depending on the exact dosage form, but with trypsin added to the 
acetate buffer to a concentration of 0.1 mglwL, Generally, the amount of or size of 
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the dosage form tested should contain or be equivalent to 200 mgA of sertraline or 
less. If the dosage form contains more than 200 mgA, then the amount of acetate 
buffer test medium should be increased proportionately. 

The test solution employed above is an acetic acid/acetate buffer solution, pH 
5 4.0, which buffer is 0.075 M in NaCS, and which is intended to simulate 

gastrointestinal fluids. The test solution ts made by making a 0.13M solution of acetic 
acid in water and then making this solution into an acetic acid/acetate buffer by 
adding potassium hydroxide, typically as an 0.5M aqueous solution, until a pH of 4.0 
has been attained. Sufficient sodium chloride is then added to make the solution 

1 0 0.075M in NaCI. The temperature of the test solution is maintained at 37 C 
throughout the dissolution test. 

The in vitro release rate is determined by multiplying the incorporated dose by 
0.8, and dividing this number by the measured time at which 80% of the incorporated 
dose has been released and dissolved, as further discussed below. If 80% of the 

15 incorporated sertraline is not released in 24 hr, then the mgA sertraline released at 24 
hr should be divided by 24 hr, to give the release rate. Further, no more than 40mgA 
is released in any one hour. This aspect of the invention thus defines a sustained 
release dosage form by means of a conveniently performed in vitro test conducted in 
a standard, well known apparatus. As previousiy mentioned, not more than 40 mgA 

20 should be released in any one hour of the test. It is noted that a USP-2 apparatus, 
equipped with a paddle, is well known and described in United States 
Pharmacopoeia XXIII (USP) Dissolution Test Chapter 71 1 , Apparatus 2. 

A unitary dosage form is dissolution tested by placing it in a paddle-equipped 
USP-2 apparatus containing 900 ml of the test solution Just described, the test 

25 solution having a temperature of 37 deg C, with the paddle stirring at 50 rpm. if the 
dosage form is a capsule, ft is tested in the same manner except that the test solution 
is augmented to contain 0.1 mg/ml of trypsin. Filtered aiiquots {typically 2 or 10 ml} 
of the dissolution medium are taken at various times, referred to herein as "pull 
points." The exact time at which an aliquot is removed is not particularly critical, 

30 although pull points may be standardized for convenience. The aliquot is filtered and 
assayed for sertraline content utilizing an HPLC assay or other suitable assay. The 
data is plotted as mgA sertraline (active sertraline) released (or % sertraline base 



W0 9ftffltm -8- PCT/IBW00934 

released) on the y~axis vs time on the x-axis. The time at which 80% of the 
sertraline dose is released is noted. 

- To assure accuracy of results, more than one, for example three, or more 
preferably six, separate dissolution tests should be conducted and the rates 
5 determined and averaged. 

As mentioned above, an in vitro release rate is calculated from the dissolution 
test by dividing the quantity of sertaline corresponding to 80% release (determined by 
multiplying the incorporated dose by 0.8) by the time it takes to effect the 80% 
release. For example, rf a 100 mgA sertraline oral dosage form is tested in this 

10 fashion, and 80% of the incorporated sertraline is released in 8 hr, then the release 
rate is (100 mg x 0.8}/8 hr, or 10 mgA/hr. This dosage form is thus within the scope 
of this invention. As another example, if a 50 mgA sertaline orai dosage form is 
tested in vitro, and 80% of the incorporated sertraline (as sertraline base) is released 
in 0.4 hr, then the release rate is (50 mg x 0.8V0.4 hr, or 100 mgA/hr, and the dosage 

1 5 form is not within the scope of the invention. 

While there are many methods of describing the in vitro rate of drug release 
from a dosage form (e.g. first-order rate constant, zero-order rate constant, initial 
rata, etc.), the method described above provides a clear test which is independent of 
the mechanism of sertraline release from the dosage form. 

20 It is noted that immediate release sertraline dosage forms are known and 

commercially available (ZOLOFT®, registered trademark of Pfizer inc.) as 50 mgA 
and 100 mgA strength tablets. When 50 mgA ZOLOFT tablets were evaluated using 
the in vitro dissolution test described above, an average of 80% of the contained 
sertraline was released {i.e., dissolved in the test fluid) at 0.7 hr after the start of the 

25 dissolution test. Thus the immediate release 50 mgA tablet released sertraline at a 
rate of 57 mgA/hr, calculated by the method described above. When two TOO mgA 
ZOLOFT tablets (total dose 200 mgA) were evaluated by the above dissolution test, 
80% of the contained sertraline was released at 1 .2 hr after starting the test Thus 
each 100 mg tablet released sertraline at a rate of 67 mg/hr and release for the 200 

30 mg dose was 134 mg/hr, calculated by the method described above. Thus as the 
above in vitro test illustrates, such dosage forms are outside the scope of this 
invention. 
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fn a further aspect, this invention provides a sustained release dosage form of 
sertraline suitable for oral administration to a mammal, which results in a maximum 
sertraline piasma concentration, C^, which is less than 80% of the C mex determined 
when an equal dose of sertraline is orally administered in the form of an immediate 
5 release bolus (such as an immediate-release tablet). This aspect of the invention 
defines a sustained release dosage form according to me invention by means of an 
appropriate in vivo test which is conducted in the mammaiian species of interest. For 
example, to test whether a sustained release oral sertraline dosage form ameliorates 
side effects in humans, the sertraline test dosage form is dosed to half of a group of 

10 12 or more humans and, after an appropriate washout period (e.g. 1 week) the same 
subjects are dosed with an immediate-release bolus dose at the same strength. The 
other half of the group is dosed with the immediate-release bolus dose first, followed 
by the sertraline (sustained-release) test dosage form and the piasma sertraline 
levels are measured as a function of time. After determining for each individual 

15 on each treatment, an average is determined. If for the sustained release 
sertraline test dosage form is less than 80% of the for the bolus dose, then the 
test dosage form will provide a side effect improvement over the bolus dosage form 
and is within the scope of the invention. In this embodiment., the dosage form may be 
sustained release, engineered with or without an initial delay period, as disclosed 

20 below. It is noted that "immediate release" means the bolus has not been engineered 
to include a means for slowing disintegration or dissolution of the dosage form. 

Dosage forms which pass either an in vitro test relating thereto as described 
herein, or an in vwo test relating thereto as described herein (including the test 
just described), are within the scope of the invention, as are dosage forms which 

25 pass all such tests relating thereto. 

As stated above, sustained release sertraline dosage forms provide a 
decreased G m3x relative to the for Immediate-release dosage forms containing 
equal amounts of sertraline. That Is, sustained-release dosage forms exhibit a 0^ 
which is less than or equal to 80% of the provided by an equivalent immediate 

30 release dose. Preferred dosage forms additionally provide a totaf blood drug 

exposure which again, relative to equivalent immediate-release dosage forms, is not 
proportionately decreased as much as the sustained release CW A "total blood 
drug exposure" is determined as AUC, the area under the curve determined by 
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plotting the concentration of drug in the plasma (Y-axis) vs. time {X-axis). AUC is 
generally an average value, and would for exampie be averaged over ail the subjects 
in the crossover study described above The determination of AUGs is a well known 
procedure, and is described, for exampie, in "Pharmacokinetics; Processes and 
5 Mathematics," by Peter Welling {ACS Monograph 185, Amer. Chem. Sac, Wash, 
D.C.; 1988). By way of example, suppose a sustained release 100 mgA sertraline 
dosage form A exhibits a Cm^ that is 65% of the C ma * produced by a 100 mgA 
immediate release sertraline boius. In a preferred embodiment, sustained release 
dosage form A will also exhibit an AUG that is higher than 65% of that provided by 
10 the bolus. 

In a further aspect the invention provides a sertraline sustained release 
dosage form which exhibits an initial delay in sertraline release when the dosage form 
enters its environment of use, Le. after ingestion, followed by sustained sertraline 
release as described above. During the delay period essentially no sertraline is 

15 released, although "essentially no sertraline* includes very small release rates less 
than 1 mgA/hr. This type of dosage form is sometimes referred to herein as a 
"delayed plus sustained release" dosage form. The inventors have demonstrated 
that certain side effects of sertraline, namely nausea, regurgitation, and diarrhea, are 
partially or primarily mediated by direct contact of sertraline with the upper 

20 gastrointestinal tract, primarily the stomach, rather than mediated systemicaliy. that is 
via exposure of sertraline to the bloodstream after absorption. Prior to the human 
clinical studies carried out by the inventors (presented as Exampie 6 below), the 
locally mediated nature of these three sertraline side effects was not known. Thus 
advantageous sertraline dosage forms of this invention include dosage forms which 

25 exhibit a spatial or temporal delay in sertraline release after ingestion. Sustained 
release sertraline dosage forms which exhibit a spatial delay include those which are 
sensitive to their position along the Gi tract, which are independent of time, and which 
possess a mechanism that largely or completely prevents release of sertraline in the 
stomach, and which then commence sustained release after the dosage form has 

30 passed into the duodenum. Once having commenced sustained release of 

sertraline, the sustained release is restricted in rate and extent as disclosed above for 
"non-delayed" sustained release sertraline dosage forms. Spatially-delayed 
sustained release dosage forms of this invention commence sustained release of 
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sertraline within approximately 30 minutes, preferably within approximately 15 
minutes, of passing out of the stomach into the duodenum. 

- Temporally-delayed sustained release sertraline dosage forms according to 
the invention are those which, after ingestion, exhibit a temporal delay before 
5 commencing sustained sertraline release. By a temporal delay in this context is 
meant a delay following ingestion which is not related to the spatial location of the 
dosage form in the Gi tract. TemporaSiy-deiayed sustained release sertraline dosage 
forms exhibit a delay of up to 3 hours after ingestion, preferably up to 2 hours, most 
preferabiy up to 1 .5 hours. This temporal delay minimizes the exposure of the upper 

10 gastrointestinal tract, particularly the stomach, to sertraline after oral ingestion, thus 
ameliorating locally mediated side effects. After the delay, the dosage form releases 
sertraline in a manner restricted in rate and extent as disclosed above for "non- 
delayed" sustained release sertraline dosage forms. 

It is noted that in the claims, reference to a "sustained release dosage form" is 

15 to a dosage form not having an initial delay period implemented therein. Reference 
in the claims to dosage forms having a period of delay implemented therein are 
specific in pointing this out, for example as to a "sustained release dosage form 
having an initial delay period", to a temporally or spatially "delayed plus sustained 
release dosage form", or similar language such as "said dosage form having an initial 

20 delay period." 

It is noted mat there is a natural iag period, usually not more than 1 5 minutes 
following ingestion, during which time the dosage form is wetted, hydrated, and 
otherwise affected by bodily (G!) fluids so that it can start to dissolve and release 
sertraline. This typical lag or induction period of about ten minutes during which 

25 wetting occurs is subsumed under the delay period engineered into the dosage form, 
such that the delay period can also be thought of as about 15 minutes up to 3 hours, 
preferably about 15 minutes up to 2 hours. If the induction or lag time is not more 
than 15 minutes, it is not considered to be delayed plus sustained release. Rather, it 
is simply sustained release. 

30 Thus this invention provides a temporally delayed plus sustained release 

dosage form suitable for administration to a mammal, comprising sertraline or a 
pharmaceutically acceptable salt thereof and a pharmaceuftealiy acceptable carrier, 
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which dosage form, following ingestion by said mammal, releases sertraline 
into said mammal's <3I tract at a rate less than 1 mgA/hr for an initial delay period of 
up to three hours, preferably of up to two hours, more preferably of up to 1 .5 hr, 

and which thereafter releases sertraline at a rate of from 1 mgA/hr to 40 
5 mgA/hr, provided said dosage form releases not more than 70 % of the sertraline 
contained therein within the first hour after said delay period. 

The dosage form can also be a spatially delayed plus sustained release 
dosage form suitable for oral administration to a mammal, comprising sertraline or a 
pharmaceutical acceptable salt thereof and a pharmaceutical^ acceptable carrier, 
10 which dosage form, following ingestion by said mamma!, releases sertraline 

Into said mammal's stomach at a rate less than 1 mgA/hr, 

and which, after having passed into said mammal's duodenum, releases 
sertraline at a rate of from 1 mgA/hr to 40 mgA/hr, provided said dosage form 
releases not more than 70 % of the sertraline contained therein within the first hour 
1 5 after passing into said mammal's duodenum. 

The following in vitro tests can be used to determine whether or not a 
particular dosage form falls within the scope of the invention, depending on whether 
the onset of the sustained release component is temporally or spatially delayed. 

If the dosage form is temporally delayed, the in vitro test can be conducted 
20 exactly as previously described for sustained release dosage forms which do not 
have a temporal delay incorporated therein. The dosage form will release sertraline 
at a rate less than 1 mgA/hr for a period of up to three hours, or less, corresponding 
to the length of the delay period, followed by sustained sertraline release at a rate of 
from 1 mgAmr to 40 mgA/hr thereafter. Conditions, test apparatus, and test medium 
25 can otherwise be the same as for pure sertraiine sustained release dosage forms. As 
with other dosage forms , dosage forms with a temporal delay release not more than 
70 % of the remaining sertraline contained therein within the first hour following said 
delay. 

If the dosage form is spatially delayed with a pH-irigger, the invention 
30 provides a sustained: release pH-triggered dosage form suitable for oral 

administration to a mammal, said dosage form having an initial delay period prior to 
the onset of sustained release, comprising sertraline or a pharmaceuticalfy 
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acceptable sail thereof and a pharmaeeutieaily acceptable carrier, which dosage 
form, when tested in vitro in a USP-2 apparatus, 

. releases sertraline into 0. 1 N HC1 at a rate less than 1 mgA/hr for at least 1 
hour and, thereafter, 

5 releases sertraline into phosphate buffer, pH 6.8 containing 1 % poiysorbafe 

80 at a rate of from 1 mgA/hr to 40 mgA/hr, provided the dosage form releases not 
more than 70 % of the remaining sertraline contained therein within the first hour 
following said delay. 

if the dosage form is spatially delayed with an enzyme-trigger, the invention 

1 0 provides an oral sustained release enzyme-triggered dosage form suitable for 

administration to a mammai, said dosage form having an initial delay period prior to 
the onset of sustained release, comprising sertraline or a pharmaceutical^ 
acceptable salt thereof and a pharmaceuticaily acceptable carrier, which dosage 
form, when tested in vitro in a USP apparatus 

1 5 releases sertraline into 0. 1 N HCI at a rate less than 1 mgA/hr for a period of 

at least 1 hour and, thereafter, 

releases sertraline at a rate of from 1 mgA/hr to 40 mgA/hr into phosphate 
buffer, pH 6.8, containing 1% poiysorbate 80 and in the presence of an enzyme 
suitable for triggering the onset of said sustained release, provided the dosage form 

20 releases not more than 70 % of the remaining sertraline contained therein within the 
first hour following said delay. 

In these in vitro tests, 1 mgA/hr is calculated as the average hourly quantity of 
sertraline released, calculated over the initial 1 bx or longer time period of the test 
corresponding to the delay period. 

26 it is an object of this invention to decrease the incidence and severity of 

sertraline-induced side effects. This is particularly important at high doses, for 
example 100 mg and up, at which the incidence of side effects can be higher. This 
object is effected, inter alia, by controlling the rate and degree of exposure of the 
gastrointestinal tract and the systemic circulation to sertraline, in at least a portion of 

30 sertraiine-dosed patients, thereby reducing the overall incidence and severity of 
sertraline-induced side effects. 

It is noted that sustained-release dosage forms of various types are known 
and employed conventionally in the art to provide reduced dosing frequency for short 
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half-life compounds and to reduce fluctuations in plasma concentrations, sometimes 
imparting an improved safety/efficacy profile due to avoidance of multiple plasma 
drug concentration peaks and troughs throughout the day. Because elimination of 
sertraline from the human body is characterized by a long half-life of about 23 hours, 
5 however, it is surprising that a sustained-release dosage form would offer any benefit. 
The present invention further provides a new and useful acetate salt of 
sertraline, hereinafter referred to as "sertraline acetate," pharmaceutical compositions 
containing sertraline acetate, methods of using sertraline acetate and processes for 
preparing sertraline acetate. 

1 0 The present invention further provides a new and useful L-lactate salt of 

sertraline, hereinafter referred to as "sertraline L-lactate," pharmaceutical 
compositions containing sertraline L-lactate, methods of using sertraline L-iactate and 
processes for preparing sertraline L-iactate. 

The present invention further provides a new and useful L-aspartate salt of 

1 5 sertraline, hereinafter referred to as "sertraline L-aspartate, " pharmaceutical 
compositions containing sertraline L-aspartate, methods of using sertraline L- 
aspartate and processes for preparing sertraline L-aspartate. 

The instant acetate salt of sertraline is highly water soluble and as such is 
particularly well-suited for use in a controlled release, for example, sustained reiease, 

20 encapsulated solution or delayed release, dosage form of sertraline. Further, 
sertraline acetate has advantageous mechanical properties and is chemically and 
physically stable. These properties permit easy handling of sertraline during 
formulation of dosage forms and result in tablets which are physically and chemically 
stable during storage and use. 

25 The instant L-lactate salt of sertraline is highly water soluble and as such is 

particularly well-suited for use in a controlled release, for example, sustained release, 
encapsulated solution or delayed reiease, dosage form of sertraline. Further, 
sertraline L-lactafe has advantageous mechanical properties and is chemically and 
physically stable. These properties permit easy handling of sertraline during 

30 formulation of dosage forms and result in tablets which are physically and chemically 
stable during storage and use. 
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The instant L-aspartate salt of sertraline is highly water soluble and as such is 
particularly well-suited for use in a controlled release, for example, sustained release, 
encapsulated solution or delayed release, dosage form of sertraline. 

Thus the present invention is directed, inter alia, to sertraline acetate. 
5 The present invention is particularly directed to sertraline acetate having the 

X-ray crystal structure depicted in Figure 1 and the atomic coordinates recited in 
Table 40-2, 

The present invention is still further directed to sertraline acetate* 1/4 hydrate. 
The present invention is also directed to a method for treating anorexia in a 
10 subject suffering from anorexia or the symptoms of anorexia comprising 
administering to said subject an effective amount of sertraline acetate. 

The present invention is also directed to methods for treating impulse 
disorders such as trichotillomania, pathological gambling, kleptomania and pyromania 
in a subject suffering from one of said impulse disorders comprising administering to 
1 5 said subject an effective amount of sertraline acetate. 

The present invention is also directed to methods for treating onychophagia in 
a subject suffering from onychophagia comprising administering to said subject an 
effective amount of sertraline acetate. 

The present invention is also directed to methods for treating premenstrual 
20 syndrome (also referred to herein as "premenstrual dysphoric disorder") in a subject 
suffering from premenstrual syndrome comprising administering to said subject an 
effective amount of sertraline acetate. 

The present invention is also directed to methods for treating psychotic 
disorders of the schizophrenic type In a subject suffering from said psychotic 
25 disorders or suffering from such symptoms as anxiety, agitation, tension, excessive 
aggression, soda! withdrawal or emotional withdrawal comprising administering to 
said subject an effective amount of sertraline acetate. 

The present invention is also directed to methods for treating inflammatory 
disorders such as psoriasis and arthritis in a subject suffering from an inflammatory 
30 disorder or inflammatory disorders comprising administering to said subject an 
effective amount of sertraline acetate. 
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The present invention is also directed to methods for treating conditions 

characterized by a hyperactive immune system such as rheumatoid arthritis and 

lupus in a subject suffering from sard conditions comprising administering to said 

subject an effective amount of sertraline acetate. 
5 The present invention is also directed to methods for treating mental 

depression in a mentally-depressed subject comprising administering to said subject 

an effective amount of sertraline acetate. 

The present invention is also directed to methods for treating anxiety-reiated 

disorders such as panic disorder, generalized an»ety disorder, agoraphobia, simple 
10 phobias, social phobia, posttraumatic stress disorder, obsessive-compulsive disorder 

and avoidant personality disorder in a subject suffering from one or more of said 

anxiety-related disorders comprising administering to said subject an effective 

amount of sertraline acetate. 

The present invention is particularly directed to methods for treating anxiety* 
15 related disorders as described in the previous paragraph wherein said anxiety-reiated 

disorder is obsessive-compulsive disorder. 

The present invention is also directed to methods for treating chemical 

dependency in a subject suffering from chemical dependency comprising 

administering to said subject an effective amount of sertraline acetate. 
20 The present invention is further directed to pharmaceutical compositions 

comprising sertaiine acetate and a pharmaceuticaily acceptable carrier or diluent. 
The present invention is still further directed to pharmaceutical compositions 

comprising sertraline acetate having the X~ray crystaf structure depicted in Figure 1 

and a pharmaceuticaily acceptable carrier or diluent. 
25 The present invention is also directed to processes for preparing sertraline 

acetate comprising reacting a saK of sertraline with a base in the presence of a 

suitable organic solvent to form sertraline free base, partitioning said sertraline free 

base into an organic solvent and reacting said sertraline free base with acetic acid in 

the presence of a suitable organic solvent. 
30 The present invention is particularly directed to processes as described in the 

immediately preceding paragraph wherein said salt of sertraline is sertraline 

hydrochloride. 
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The present invention is more parttcuiariy directed to processes as described 
in the immediately preceding paragraph wherein said solvent is hexane, 

. The present invention is further directed to processes for preparing sertraline 
acetate comprising reacting sertraline free base with acetic acid in the presence of a 
5 suitable organic solvent. 

The present invention is particularly directed to processes as described in the 
immediately preceding paragraph wherein said solvent is hexane. 

The present invention is also directed to processes for preparing sertraline 
acetate comprising reacting a salt of sertraline with a base in the presence of a 
1 0 suitable organic solvent to form sertraline free base, partitioning said sertraline free 
base into an organic solvent and reacting said sertraline free base with acetic acid in 
the presence of a suitable organic solvent and isolating said sertraline acetate from 
said solvent. 

The present invention is aiso directed to sertraline L-lactate. 
1 5 The present invention is particularly directed to a form of sertraline L-lactate 

having the X-ray crystal structure depicted in Figure 3 and the atomic coordinates 
recited in Table 4S-2, 

The present invention is also directed to methods for treating anorexia in a 
subject suffering from anorexia or the symptoms of anorexia comprising 
20 administering to said subject an effective amount of sertraline L-lactate. 

The present invention is aiso directed to methods for treating impulse 
disorders such as trichotillomania, pathological gambling, kleptomania and pyromania 
in a subject suffering from one of said impulse disorders comprising administering to 
said subject an effective amount of sertraline L-lactate. 
25 The present invention is aiso directed to methods for treating premenstrual 

syndrome in a subject suffering from premenstrual syndrome comprising 
administering to said subject an effective amount of sertraline L-lactate. 

The present invention is also directed to methods for treating onychophagia in 
a subject suffering from onycophagia comprising administering to said subject an 
30 effective amount of sertraline L-lactate. 

The present invention is also directed to methods for treating psychotic 
disorders of the schizophrenic type in a subject suffering from said psychotic 
disorders or suffering from such symptoms as anxiety, agitation, tension, excessive 
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aggression, social withdrawal or emotional withdrawal comprising administering to 
said subject an effective amount of sertraline L-iactate, 

. The present invention is also directed to methods for treating inflammatory 
disorders such as psoriasis and arthritis in a subject suffering from an inflammatory 
5 disorder or inflammatory disorders comprising administering to said subject an 
effective amount of sertraline L-laetate. 

The present invention is also directed to methods for treating conditions 
characterised by a hyperactive Immune system such as rheumatoid arthritis and 
lupus in a subject suffering from said conditions comprising administering to said 
1 0 subject an effective amount of sertraline L-lactate. 

The present invention is also directed to methods for treating mental 
depression in a mentaily-depressed subject comprising administering to said subject 
an effective amount of sertraline L-lactate. 

The present invention is also directed to methods for treating anxiety-related 
1 5 disorders such as panic disorder, generalized anxiety disorder, agoraphobia, simple 
phobias, social phobia, posttraumatic stress disorder, obsessive-compulsive disorder 
and avoidant personality disorder in a subject suffering from one or more of said 
anxiety-related disorders comprising administering to said subject an effective 
amount of sertraline L-lactate. 
20 The present invention is particularly directed to methods for treating anxiety- 

related disorders as described in the previous paragraph wherein said anxiety-related 
disorder is obsessive-compuisive disorder. 

The present invention is also directed to methods for treating chemical 
dependency in a subject suffering from chemical dependency comprising 
25 administering to said subject an effective amount of sertraline L-lactate. 

The present invention is further directed to pharmaceutical compositions 
comprising sertafine L-lactate and a pharmaceutical^ acceptable carrier or diluent. 

The present invention is still further directed to pharmaceutical compositions 
comprising sertraline L-lactate having the X-ray crystal structure depicted in Figure 3 
30 and a pharmaceutical!/ acceptable carrier or diluent. 

The present invention is also directed to processes for preparing sertraline L- 
lacfate comprising reacting a salt of sertraline with a base in the presence of a 
suitable organic solvent to form sertraline free base, partitioning said sertraline free 
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base into an organic solvent and reacting said sertraline free base with L-lactic add in 
the presence of a suitable organic solvent. 

. The present invention is particularly directed to processes as described in the 
immediately preceding paragraph wherein said salt of sertraline is sertraline 
5 hydrochloride. 

The present invention is more particularly directed to processes as described 
in the immediately preceding paragraph wherein said solvent is ethyl acetate. 

The present invention is also particularly directed to processes for preparing 
sertraline L-lactate comprising reacting sertraline mandelate with a base in the 
10 presence of a suitable organic solvent to form sertraline free base, partitioning said 
sertraline base into an organic solvent and reacting said sertraline free base with L- 
iactic acid. 

The present invention is more particularly directed to processes as described 
in the immediately preceding paragraph wherein said solvent is ethyl acetate. 

15 The present invention is further directed to processes for preparing sertraline 

L-lactate comprising reacting sertraline free base with L-iactic acid in the presence of 
a suitable organic solvent. 

The present invention is particularly directed to processes as described in the 
immediately preceding paragraph wherein said solvent is ethyl acetate. 

20 The present invention is also directed to processes for preparing sertraline L- 

iactate comprising reacting a salt of sertraline with a base in the presence of a 
suitable organic solvent to form sertraline free base, partitioning said sertraline free 
base into an organic solvent and reacting said sertraline free base with L-lactic acid in 
the presence of a suitable organic solvent and isolating said sertraline L-lactate from 

25 said solvent. 

The present invention is also directed to sertraline L-aspartate. 
The present invention is also directed to methods for treating anorexia in a 
subject suffering from anorexia or the symptoms of anorexia comprising 
administering to said subject an effective amount of sertraline L-aspartate. 

30 The present in vention is also directed to methods for treating impulse 

disorders such as trichotillomania, pathological gambling, kleptomania and pyromania 
in a subject suffering from one of said impulse disorders comprising administering to 
said subject an effective amount of sertraline L-aspartate. 
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The present invention is also directed to methods for treating onychophagia ii 
a subject suffering from onychophagia comprising administering to said subject an 
effective amount of sertraline L-aspartate. 

The present invention is also directed to methods for treating premenstrual 
syndrome in a subject suffering from premenstrual syndrome comprising 
administering to said subject an effective amount of sertraline {.-aspartate. 

The present invention is also directed to methods for treating psychotic 
disorders of the schizophrenic type in a subject suffering from said psychotic 
disorders or suffering from such symptoms as anxiety, agitation, tension, excessive 
aggression, social withdrawal or emotional withdrawal comprising administering to 
said subject an effective amount of sertraline L-aspartate. 

The present invention is also directed to methods for treating inflammatory 
disorders such as psoriasis and arthritis in a subject suffering from an inflammatory 
disorder or inflammatory disorders comprising administering to said subject an 
effective amount of sertraline L-aspartate. 

The present invention is also directed to methods for treating conditions 
characterized by a hyperactive immune system such as rheumatoid arthritis and 
lupus in a subject suffering from said conditions comprising administering to said 
subject an effective amount of sertraline L-aspartate. 

The present invention is aiso directed to methods for treating mental 
depression in a mentaiiy-depressed subject comprising administering to said subject 
an effective amount of sertraline L-aspartate. 

The present invention is also directed to methods for treating anxiety-related 
disorders such as panic disorder, generalized anxiety disorder, agoraphobia, simple 
phobias, social phobia, posttraumatic stress disorder, obsessive-compulsive disorder 
and avoidant personality disorder in a subject suffering from one or more of said 
anxiety-related disorders comprising administering to said subject an effective 
amount of sertraline L-aspartate. 

The present invention is particularly directed to methods for treating anxiety- 
reiated disorders as described in the previous paragraph wherein said anxiety-related 
disorder is obsessive-compulsive disorder. 
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The present invention is also directed to methods for treating chemical 
dependency in a subject suffering from chemical dependency comprising 
administering to said subject an effective amount of sertraline L-aspartate. 

The present invention is further directed to pharmaceutical compositions 
5 comprising sertaflne L-aspartate and a pharmaeeuticaHy acceptable carrier or diluent. 

The present invention is also directed to processes for preparing sertraline L- 
aspartate comprising reacting a salt of sertraline with a base in the presence of a 
suitable organic solvent to form sertraline free base, partitioning said sertraline free 
base into an organic solvent and reading said sertraline free bass with aspartic add 
10 in the presence of a suitable organic solvent. 

The present invention is particularly directed to processes as described in the 
immediately preceding paragraph wherein said satt of sertraline is sertraline 
hydrochloride. 

The present invention is more particularly directed to processes as described 
1 5 in the immediately preceding paragraph wherein said solvent is hexane. 

The present invention is further directed to processes for preparing sertraline 
L-aspartate comprising reacting sertraline free base with aspartic acid in the presence 
of a suitable organic solvent. 

The present invention is particularly directed to processes as described in the 
20 immediately preceding paragraph wherein said solvent is hexane. 

The present invention is also directed to processes for preparing sertraline L- 
aspartate comprising reacting a salt of sertraline with a base in the presence of a 
suitable organic solvent to form sertraline free base, partitioning said sertraline free 
base into an organic solvent and reacting said sertraline free base with aspartic acid 
25 in the presence of a suitable organic solvent and isolating said sertraline L-aspartate 
from said solvent. 

grief Description of the Rouses 

FIG. 1 is an X-ray crystal structure of sertraline acetate as derived from single 
30 crystal X-ray crystallography. (Atomic coordinates) 

FIG. 2 is a characteristic X-ray diffraction pattern showing that sertraline 
acetate is crystalline. (Vertical Axis: Intensity {CPS); Horizontal Axis; Two theta 
(degrees)) 
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FiG. 3 is an X-ray crystal structure of sertraline L-iactate as derived from 
single crystal X-ray crystallography. (Atomic coordinates) 

FIG. 4 is a characteristic X-Ray diffraction pattern showing that sertraline t- 
lactate is crystalline. {Vertical Axis: Intensity (CPS); Horizontal Axis: Two ihefa 
(degrees)} 

FIG, 5 is a characteristic X-Ray diffraction pattern showing that sertraline L- 
aspartate is crystalline. {Vertical Axis: Intensity (CPS); Horizontal Axis: Two theta 
(degrees)) 

FIG, 6 is a PKfPO plot which presents the relationship between plasma 
sertraline concentration and average self-reported visual analogue scores for a 
nausea study presented in the Examples. 

Detailed Discussion 

Sustained Release 

The sustained-release dosage forms of this Invention can be widely 
implemented. For purposes of discussion, not limitation, the many embodiments 
hereunder can be grouped into classes according to design and principle of 
operation. 

The first class of sustained release dosage forms described below is matrix 
systems which include but are not limited to t) non-eroding matrices, tablets, 
multiparticulates, and hydrogei-based system; 2) hydrophiSic eroding, dispersible or 
dissolvable matrix systems, tablets and multiparticulates; and 3) coated matrix 
systems. The second class consists of reservoir systems where release of the 
drug is modulated by a membrane, such as capsules, and coated tablets or 
multiparticulates. The third class consists of osmotic-based systems such as 1) 
coated biiayer tablets; 2) coated homogeneous tablet cores; 3) coated 
multiparticulates; and 4) osmotic capsules. The fourth class consists of sweilabte 
systems where drug is released by swelling and extrusion of the core components 
out through a passageway in a coating or surrounding shell or outer layer. 

A first class includes matrix systems, in which sertraline is dissolved, 
embedded or dispersed in a matrix of another material that serves to retard the 
release of sertraline Into an aqueous environment (i.e., the iumenal fluid of the Gi 
tract). When sertraline is dissolved, embedded or dispersed in a matrix of this sort, 
release of the drug takes place principally from the surface of the matrix. Thus the 
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drug is released from the surface of a device which incorporates the matrix after it 
diffuses through the matrix into the surrounding fluid or when the surface of the 
device dissolves or erodes, exposing the drug. In some embodiments, both 
mechanisms can operate simultaneously, The matrix systems may be large, i.e., 
tablet sized (about 1 cm), or small (< 0.3cm). The system may be unitary, it may be 
divided as previously discussed by virtue of being composed of several sub-units (for 
example, several tablets which constitute a single dose) which are administered 
substantially simultaneously, it may consist of several small tablets within a capsule, 
or it may comprise a plurality of particles, referred to herein as a multiparticulate. A 
multiparticulate can have numerous formulation applications. For example, a 
multiparticulate may be used as small beads or a powder for filling a capsule shell, It 
may be compressed into a tablet, or it may be used per se for mixing with food (for 
example ice cream) to increase paiatability, or as a sachet that may be dispersed in a 
liquid, such as fruit juice or water. 

The multiplicity of variables affecting release of sertraline from matrix devices 
permits abundant flexibility in the design of devices of different materials, sizes, and 
release times. Examples of modifications of sertraline release profiles from the 
specific embodiments of the examples within the scope of this invention are disclosed 
in detail below. 

Non-eroding matrix tablets that provide sustained-release of sertraline can be 
made with sertraline free base and with a wide range of sertraline salts such as 
sertraline HQ, sertraline lactate, sertraline acetate and sertraline aspartate and water 
insoluble materials such as waxes, cellulose, or other water insoluble polymers. 
Matrix materials usefui for the manufacture of these dosage forms include 
micr ©crystalline cellulose such as AvtceJ (registered trademark of FMC Corp., 
Philadelphia, PA), including grades of microcrystailine cellulose to which binders such 
as hydroxypropyl methyl cellulose have been added, waxes such as paraffin, 
modified vegetable oils, camauba wax, hydrogenaied castor oil, beeswax, and the 
Ske, as well as polymers such as cellulose, cellulose esters, cellulose ethers, 
polyvinyl chloride), polyvinyl acetate), copolymers of vinyl acetate and ethylene, 
polystyrene, and the Bke. Water soluble binders or release modifying agents which 
can optionally be formulated into the matrix include water-soluble poiymers such as 
hydroxypropyl cellulose (HPC), hydroxypropyl methyl cellulose (HPMC), methyl 
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cellulose, poiy <N^nyl-2-pyrro!tdinone) {PVP}, po!y{ethylene oxide) (PEQ), polyvinyl 
alcohol) (PVA), xanthan gum, carrageenan, and other such natural and synthetic 
materials. In addition, materials which function as release-modifying agents Include 
water-soluble materials such as sugars or sate. Preferred water-soluble materials 
5 include lactose, sucrose, glucose, and mannitof, as wet! as MPC. HPMC, and PVP. 
In addition soiublizing acid excipients such as malic acid, citric acid, erythorbic acid, 
ascorbic acid, adipic acid, glutamic acid, maleic acid, aconitjc acid, and aspariic acid 
and soiubiiizing excipients such as partial giycerides, giycerides, glyceride 
derivatives, polyethylene glycol esters, polypropylene glycol esters, polyhydric alcohol 

10 esters, poSyoxyethylene ethers, sorbrtan esters, polyoxyethyiene sorbitan esters, 
saccharide esters, phospholipids, polyethylene oxide-polypropylene oxide block co- 
polymers, and polyethylene glycols, can be incorporated into matrix tablets to 
increase the release rate of sertraline. Increase the total quantity of sertraline 
released, and potentially increase absorption and consequently the bioavailability of 

1 5 sertraline, particularly from matrix formulations that release sertraline over a period of 
six hours or longer. 

In addition to components of the matrix system, the size of the matrix system 
can affect the rate of sertraline release, therefore, a large matrix system such as a 
tablet will, in general, have a different composition from a small one such as a 

20 multiparticulate to achieve similar release profiles. The effect of the size of the matrix 
system on the kinetics of sertraline release follows scaling behavior well known in the 
study of diffusion. By way of illustration, the following table shows the diffusion 
coefficient of sertraline through the matrix required to achieve a characteristic time for 
release of 10 hours for matrix systems of different sizes that release sertraline by a 

25 diffusive-based mechanism (rather than an eroding or in combination with an eroding 
mechanism). 
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.diffusion coefficient (cm^/a) 



0.00-25 {50pm diameter) 
0,1 (2mm diameter) 
0.5 (1cm diameter) 



1.7x10-10 



3x1Q" 7 
7x 



10 



15 



20 



25 



The above table iustrates that diffusion coefficients necessary to achieve the target 
characteristic time of release can change by orders of magnitude as the desired size 
of the device changes. Matrix materials which may be used to provide a sertraline 
diffusion coefficient at the low end of the diffusion coefficient scale are polymers such 
as cellulose acetate. Conversely, materials at the upper end of the scale are 
materials such as polymers which form hydrogels when hydrated. The rate of 
diffusion for any particular device can accordingly be tailored by the material or 
materials selected, and the structure of the matrix. 

For purposes of further illustration, to obtain a sustained-release non-eroding 
matrix in a particle of about 50um in diameter, a matrix material of a polymer such as 
cellulose acetate or a similar material will likely be required, the slow diffusing matrix 
materia! tending to offset the short distances characteristic of small particle size. By 
contrast, in order to obtain sustained-release in a targe (e.g., 1cm) device, a material 
which is more liquid-like (e.g., a hydrogef, see below) or with greater porosity will 
likely be required. For devices of an intermediate size, e.g., about 1mm in diameter, a 
matrix composition of intermediate characteristics can be employed. 

It is also noted that the effective diffusion coefficient of sertraline in a matrix 
may be increased to the desired value by the addition of ptastictzers, pores, or pore- 
inducing additives, as known in the art. Siowfy-hydrating materials may also be used 
to effectively reduce the diffusion rates of sertraline, particularly at times shortly after 
administration, in addition to changing the effective diffusion coefficient, the release 
rate can also be altered by the inclusion of more soluble salt forms {relative to the 
free base) such as sertraline lactate, sertraline acetate, or sertaline aspartate, or 
excipienis such as acids and/or surfactant-like compounds that solubize sertraline 
and minimize gelation, particularly in the presence of chloride ions. 
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A further sustained release non-eroding matrix system comprises sertraline 
dispersed in a hydrogei matrix. This embodiment differs from the hydrophilic matrix 
tablet discussed below in that the hydrogei of tilts embodiment is not a compressed 
tablet of soluble or erodibie granular material, but rather a monolithic polymer 
5 network. As known in the art, a hydrogei is a water-sweliable network polymer. 
Hydrogeis can be made in many geometries, such as capiets, tablets, and 
multiparticulates. As an example, tablets can be prepared by standard techniques 
containing 1 0 to 80% of a crosslinkabfe polymer. Once tablets are formed the 
polymer can be crosslinked via a chemical crossJinking agent such as gluteraidehyde 

10 or via UV irradiation forming a hydrogei matrix, Hydrogeis are preferred materiais for 
matrix devices because they can absorb or be made to contain a large volume 
fraction of water, thereby permitting diffusion of soivated drug within the matrix. 
Diffusion coefficients of drugs in hydrogeis are characteristically high, and for highly 
water-swollen gels, the diffusion coefficient of the drug in the gel may approach the 

15 value in pure water. This high diffusion coefficient permits practical release rates from 
relatively large devices (i.e., it is not necessary to form microparttcies). Although 
hydrogei devices can be prepared, loaded with sertraline, stored, dispensed and 
dosed in the fully hydrated state, it is preferred that they be stored, dispensed, and 
dosed in a dry state. In addition to stability and convenience, dry state dosing of 

20 hydrogei devices can provide good sertraline release kinetics due to Case II transport 
{i.e. combination of swelling of hydrogei and diffusion of drug out through the swollen 
hydrogei}. Preferred materials for forming hydrogeis include hydrophilic vinyl and 
acrylic polymers, polysaccharides such as calcium alginate, and po!y(ethyiene oxide). 
Especially preferred are poly(2-hydroxyethyi methacrylate), poly{acrylic acid), 

25 poiy(methacrylic acid), poly{N-vinyl-2-pyroiidfnone), polyvinyl alcohol) and their 
copolymers with each other and with hydrophobic monomers such as methyl 
methacrylate, vinyl acetate, and the like. Also preferred are hydrophilic 
potyurethanes containing large poiyfethylene oxide) blocks. Other preferred materials 
include hydrogeis comprising interpenetrating networks of polymers, which may be 

30 formed by addition or by condensation polymerization, the components of which may 
comprise hydrophilic and hydrophobic monomers such as those just enumerated. 

Non-eroding matrix tablets can be made by tabletting methods common in the 
pharmaceutical industry. Preferred embodiments of non-eroding matrix tablets 
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contain 10 to 80% sertraline, 5 to 50% insoluble matrix materiais such as cellulose, 
cellulose acetate, or ethylceflulose, and optionally 5 to 85% plasticizers. pore formers 
or sqlubifeing excipients, and optionally about 0,25 to 2% of a tabletting lubricant, 
such as magnesium stearate, sodium stearyi fumarate, zinc stearate, calcium 
stearate, stearic add, pafyethyfenegiycol-BOOO, talc, or mixtures of magnesium 
stearate with sodium lauryi sulfate. These materials can be biended, granulated, and 
tabletted using a variety of equipment common to the pharmaceutical industry. 

A non-eroding matrix multiparticulate comprises a plurality of sertraline- 
containing particles, each particle comprising a mixture of sertraline with one or more 
excipients selected to form a matrix capable of limiting the dissolution rate of the 
sertraline into an aqueous medium. The matrix materiais useful for this embodiment 
are generally water-insoluble materials such as waxes, cellulose, or other water* 
insoluble poiymers. If needed, the matrix materiais may optionally be formulated with 
water-soluble materials which can be used as binders or as permeability-modifying 
agents. Matrix materials useful for the manufacture of these dosage forms include 
microcrystaine cellulose such as Avicef {registered trademark of FMC Corp., 
Philadelphia, PA), including grades of microcrystailine celluiose to which binders such 
as hydroxypropyl methyl cellulose have been added, waxes such as paraffin, 
modified vegetable oils, carnauba wax, hydrogenated castor oil, beeswax, and the 
like, as well as synthetic polymers such as polyvinyl chloride), polyvinyl acetate}, 
copolymers of vinyl acetate and ethylene, polystyrene, and the like. Water soluble 
release modifying agents which can optionaily be formulated into the matrix include 
water-soiubie poiymers such as HPC, HPMC, methyl cellulose, PVP, FEO, PVA, 
xanthan gum, carrageenan, and other such natural and synthetic materiais. In 
addition, materials which function as release-modifying agents include water-soluble 
materials such as sugars or salts. Preferred water-soiubie materials include lactose, 
sucrose, glucose, and mannftoi, as well as HPC, HPMC, and PVP. In addition any of 
the soiubifeing acid or surfactant type excipients previously mentioned can be 
incorporated into matrix multiparticulates to increase the release rate of sertraline, 
increase the totai quantity of sertraline released, and potentially increase absorption 
and consequently the bioavailability of sertraline, particuSarfy from matrix formulations 
thai release sertraline over a period of six hours or longer. 
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A preferred process for manufacturing matrix multiparticulates ts the 
©xtrusion/spheronizatson process. For this process, the sertraline is wet-massed with 
a binder, extruded through a perforated piate or die, and placed on a rotating disk. 
The extrudate ideally breaks into pieces which are rounded into spheres, spheroids, 
5 or rounded rods on the rotating plate. A preferred process and composition for this 
method involves using water to wet-mass a blend comprising about 20 to 75% of 
microcrystailine cellulose blended with, correspondingly, about 80 to 25% sertraline. 

A preferred process for manufacturing matrix multiparticulates is the rotary 
granulation process. For this process sertraline and excipients such as 
10 microcrystailine cellulose are placed in a rotor bowl in a fluid-bed processor. The 
drug and excipient are fluidked, while spraying a solution that binds the drug and 
excipients together in granules or multiparticulates. The solution sprayed into the 
fluid bed can be water or aqueous solutions or suspensions of binding agents such 
as polyvinylpyrrolidone or hydroxypropylmethylceilulose. A preferred composition for 
15 this method can comprise 1 0 to 80% sertraline, 10 to 60% microcrystailine cellulose, 
and 0 to 25% binding agent. 

A further preferred process for manufacturing matrix multiparticulates involves 
coating sertraline, matrix-forming excipients and if desired release-modifying or 
solubi&ing excipients onto seed cores such as sugar seed cores known as non- 
20 pareils. Such coatings can be applied by many methods known in the 

pharmaceutical industry, such as spray-coating In a fluid bed coater, spray-drying, 
and granulation methods such as fluid bed or rotary granulation. Coatings can be 
applied from aqueous, organic or melt solutions or suspensions. 

A further preferred process for manufacturing matrix multiparticulates is the 
25 preparation of wax granules. In this process, a desired amount of sertraline is stirred 
with liquid wax to form a homogeneous mixture, cooled and then forced through a 
screen to form granules. Preferred matrix materials are waxy substances. Especially 
preferred are hydrogenated castor oil and camauba wax and stearyi alcohol. 

A further preferred process for manufacturing matrix multiparticulates involves 
30 using an organic solvent to aid mixing of the sertraline with the matrix material. This 
technique can be used when it is desired to utilize a matrix material with an 
unsuitably high melting point that, if the material were employed in a molten state, 
would cause decomposition of the drug or of the matrix material, or would resuft in an 
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unacceptable mett viscosity, thereby preventing mixing of sertraline with the matrix 
materia!. Sertraline and matrix material may be combined with a modest amount of 
solvent to form a paste, and then forced through a screen to form granules from 
which the solvent is then removed, Alternatively, sertraline and matrix material may 
be combined with enough soivent to completely dissolve the matrix materia! and the 
resulting solution (which may contain solid drug particles) spray dried to form the 
particulate dosage form. This technique is preferred when the mathx materia! is a 
high molecular weight synthetic poiymer such as a cellulose ether or cetluicse ester. 
Solvents typically employed for the process include acetone, ethanol, isoprcpanoi, 
ethyl acetate, and mixtures of two or more, 

A further process for manufacturing matrix multiparticulates involves using an 
aqueous solution or suspension of sertraline and matrix forming materials. The 
solution or suspension can be spray dried or sprayed or dripped into a quench bath 
or through a light chamber to initiate crosslinking of matrix materials and solidify the 
droplets. In this manner matrices can be made from latexes (e.g. dispersed 
ethylellulose with a piasticizer such as oleic acid or with a volatile water miscibie 
solvent such as acetone or ethanol) by spray-drying techniques. Matrices can also 
be made in this manner by crosslinking a water soluble poiymer or gum. For 
example, sodium alginate can be crosslinked by spraying into a solution containing 
soluble calcium salts, polyvinyl alcohol can be crosslinked by spraying into a solution 
containing giuteraidehyde, and d:« and tri-acrylaies can be crosslinked by UV 
irradiation. 

Once formed, sertraline matrix multiparticulates may be blended with 
compressible exdpients such as lactose, microcrystailine cellulose, dicaicium 
phosphate, and the like and the biend compressed to form a tablet, Disinfegrants 
such as sodium starch glycolate or crosslinked po!y(vinyi pyrroiidone) are also 
usefully employed. Tablets prepared by this method disintegrate when placed in an 
aqueous medium (such as the Gi tract), thereby exposing the multiparticulate matrix 
which releases sertraline therefrom. Sertraline matrix multiparticulates may also be 
filled into capsules, such as hard gelatin capsules. 

A further embodiment of a matrix system has the form of a hydrophlc matrix 
tablet that eventually dissolves or disperses in water containing sertraline and an 
amount of hydrophic polymer sufficient to provide a useful degree of control over the 
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release of sertraline. Sertraline can be released from such matrices by diffusion, 
erosion or dissolution of the matrix, or a combination of these mechanisms. 
Hydrophiiic polymers useful for forming a hydrophiiic matrix include HPMC, HPC, 
hydroxy ethyl cellulose (HEC), PEO, PVA, xanthan gum, carbomer, carrageenan, 
5 and zooglan. A preferred material is HPMC. Other similar hydrophiiic polymers may 
also be employed. In use, the hydrophiiic material is swollen by, and eventually 
dissolves or disperses in, water. The sertraline release rate from hydrophiiic matrix 
formulations may be controlied by the amount and molecular weight of hydrophiiic 
polymer employed. In general, using a greater amount of the hydrophiiic polymer 

1 0 decreases the release rate, as does using a higher molecular weight polymer. Using 
a lower molecular weight polymer increases the reiease rate. The release rate may 
also be controlled by the use of water-soluble additives such as sugars, salts, or 
soluble polymers. Examples of these additives are sugars such as lactose, sucrose, 
or mannttol, salts such as NaCS, KCI, NaHCC>3, and water soluble polymers such as 

15 PVP, low molecular weight HPC or HMPC or methyl cellulose. In general, increasing 
the fraction of soluble material in the formulation increases the reiease rate. In 
addition any of the soiufailizing acid excipients previously mentioned can be 
incorporated into matrix tablets to increase the release rate of sertraline, increase the 
total quantity of sertraline released, and potentially increase absorption and 

20 consequently the bioavailability of sertraline, particularly from matrix formulations that 
release sertraline over a period of six hours or longer. A hydrophiiic matrix tablet 
typically comprises about 10 to 90% by weight of sertraline and about 80 to 10% by 
weight of polymer. 

A preferred hydrophiiic matrix tablet comprises, by weight, about 30% to 

25 about 80% sertraline, about 5% to about 35% HPMC, 0% to about 35% lactose, 0% 
to about 15% PVP, 0% to about 20% microcrystaliine cellulose, and about 0.25% to 
about 2% magnesium stearate. 

Mixtures of polymers and/or gums can also be utilized to make hydrophiiic 
matrix systems. For example, homopoiysaecharide gums such as gaiactomannans 

30 (e.g. locust bean gum or guar gum) mixed with heteropoiyoaccharide gums (e.g. 
xanthan gum or its derivatives) can provide a synergistic effect that in operation 
provides faster forming and more rigid matrices for the release of active agent (as 
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disclosed in US patents 5,455,048 and 5,512,297). Optionally, crossiinklng agents 
such as calcium salts can be added to improve matrix properties. 

Hydrophiiic matrix formulations that eventually dissolve or disperse can also 
be made in the form of multiparticulates. Hydrophiiic matrix multiparticulates can be 
manufactured by the techniques described previously for non-eroding matrix 
multiparticulates. Preferred methods of manufacture are layering sertraline, a 
hydrophiiic matrix material, and if desired release modifying agents onto sugar seed 
cores (e.g. non-paresis) via a spray-coating process or to form multiparticulates by 
granulation, such as in a rotary granulation of sertraline, hydrophiiic matrix materia!, 
and if desired release modifying agents. 

The matrix systems as a class often exhibit non-constant release of the drug 
from the matrix. This result may be a consequence of the diffusive mechanism of 
drug release, and modifications to the geometry of the dosage form and/or coating or 
partially coating the dosage form can be used to advantage to make the release rate 
of the drug more constant as detailed below. 

In a further embodiment, a sertraline matrix tablet is coated with an 
impermeable coating, and an orifice {for example, a circular hole or a rectangular 
opening) is provided by which the content of the tablet is exposed to the aqueous Gi 
tract. These embodiments are along the lines of those presented in U.S, 4,792,448 to 
Ranade, and as described by Hansson et aL J. Pharrn. Sci. 77 (1988) 322-324 
herein incorporated by reference. The opening is typically of a size such that the area 
of the exposed underlying sertraline composition constitutes less than about 40% of 
the surface area of the device, preferably less than about 15%. 

In another embodiment, a sertraline matrix tablet is coated with an 
impermeable material on part of its surface, e.g. on one or both tablet faces, or on the 
tablet radial surface. 

In another embodiment a sertraline matrix tablet is coated with an 
impermeable materia! and an opening for drug transport produced by drilling a hole 
through the coating. The hoie may be through the coating only, or may extend as a 
passageway into the tablet. 

in another embodiment, a sertraline matrix tablet is coated with an 
impermeable material and a passageway for drug transport produced by drilling a 
passageway through the entire tablet. 
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In another embodiment, a sertraline matrix tablet is coated with an 
impermeable materia! and one or more passageways for drug transport are produced 
by removing one or more strips from the impermeable coating or by cutting one or 
more slits through the coating, preferably on the radial surface or land of the tablet. 
5 In another embodiment, a sertraline matrix tablet is shaped in the form of a 

cone and completely coated with an impermeable material. A passageway for drug 
transport is produced by cutting off the tip of the cone. 

In another embodiment, a sertraline matrix tablet is shaped in the form of a 
hemisphere and completely coated with an impermeable material. A passageway for 
1 0 drug transport is produced by drilling a hole in the center of the fiat face of the 
hemisphere. 

In another embodiment, a sertraline matrix tablet is shaped in the form of a 
half-cylinder and completely coated with an impermeable material. A passageway for 
drug transport is produced by cutting a slit through {or removing a strip from) the 

1 5 impermeable coating along the axis of the half-cylinder along the centeriine of the flat 
face of the half-cylinder. 

Those skilled in the art will appreciate that the geometric modifications to the 
embodiments described above can be equivalent^ produced by more than one 
method. For example, cutting or drilling to make a passageway for drug transport 

20 can be achieved by other operations such as by a technique which produces the 
desired partial coating directly. 

By "impermeable material" is meant a material having sufficient thickness and 
impermeability to sertraline such that the majority of sertraline is released through the 
passageway rather than through the Impermeable material* during the time scale of 

25 the intended drug release (i.e., several hours to about a day). Such a coating can be 
obtained by selecting a coating material with a sufficiently low diffusion coefficient for 
sertraline and applying it sufficiently thickly. Materials for forming the impermeable 
coating of these embodiments include substantially ail materials in which the diffusion 
coefficient of sertraline is less than about 10r 7 cm 2 /s. it is noted that the preceding 

30 diffusion coefficient can be amply sufficient to allow release of sertraline from a matrix 
device, as discussed above. However, for a device of the type now under discussion 
which has been provided with a macroscopic opening or passageway , a materia! with 
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this diffusion coefficient is effectively impermeable to sertraline relative to sertraline 
transport through the passageway. Preferred coating materials include film-forming 
polymers and waxes. Especially preferred are thermoplastic polymers, such as 
po!y(ethy!ene~co-vinyl acetate), poSy{vinyi chloride}, ethyfceiiuicse, and cellulose 
5 acetate. These materials exhibit the desired tow permeation rate of sertraline when 
applied as coatings of thickness greater than about 100 urn. 

A second ciass of sertraline sustained-release dosage forms of this invention 
includes membrane-moderated or reservoir systems such as membrane-coated 
diffusion-based capsule, tablet, or multiparticulate. Capsules, tablets and 

1 0 mutiparticulates can all be reservoir systems, such as membrane-coated diffusion- 
based. In this class, a reservoir of sertraline is surrounded by a rate-limiting 
membrane. The sertraline traverses the membrane by mass transport mechanisms 
wei! known in the art, including but not limited to dissolution In the membrane followed 
by diffusion across the membrane or diffusion through liquid-filled pores within the 

16 membrane. These individual reservoir system dosage forms may be large, as in the 
case of a tablet containing a single large reservoir, or multiparticulate, as In the case 
of a capsuie containing a plurality of reservoir particles, each individually coated with 
a membrane. The coating can be non-porous, yet permeable to sertraline {for 
example sertraline may diffuse directly through the membrane), or it may be porous. 

20 Sustained release coatings as known in the art may be employed to fabricate 

the membrane, especially polymer coatings, such as a ceiiulose ester or ether, an 
acrylic polymer, or a mixture of polymers. Preferred materials include ethyl cellulose, 
cellulose acetate and cellulose acetate butyrate. The polymer may be applied as a 
solution in an organic solvent or as an aqueous dispersion or latex. The coating 

25 operation may be conducted in standard equipment such as a fluid bed coater, a 
Wurster coater, or a rotary bed coater. 

If desired, the permeability of the coating may be adjusted by blending of two 
or more materials. A particularly useful process for tailoring the porosity of the 
coating comprises adding a pre-determined amount of a finely-divided water-soluble 

30 material, such as sugars or salts or water-soluble polymers to a solution or dispersion 
{e.g., an aqueous iatex) of the membrane-forming polymer to be used. When the 
dosage form is ingested into the aqueous medium of the Gl tract, these water soluble 
membrane additives are leached out of the membrane, leaving pores which facilitate 
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release of the drag. The membrane coating can also be modified by the addition of 
piasticizers, as known in the art, 

. A particularly useful variation of the process for applying a membrane coating 
comprises dissolving the coating polymer in a mixture of solvents chosen such that 
5 as the coating dries, a phase inversion takes place in the applied coating solution, 
resulting in a membrane with a porous structure. Numerous examples of this type of 
coating system are given in European Patent Specification 0 357 363 B1 , published 
March 7, 1990, herein incorporated by reference. 

The morphology of the membrane is not of critical importance so long as the 

10 permeability characteristics enumerated herein are met. However, specific 

membrane designs will have membrane morphology constraints in order to achieve 
the desired permeability. The membrane can be amorphous or crystalline. It can 
have any category of morphology produced by any particular process and can be, for 
example, an interfacially-potymerized membrane (which comprises a thin rate-iimtting 

15 skin on a porous support), a porous hydrophilic membrane, a porous hydrophobic 
membrane, a hydrogel membrane, an ionic membrane, and other such membrane 
designs which are characterized by controlled pemteabiiity to sertraline, 

A useful reservoir system embodiment is a capsule having a shell comprising 
the material of the rate*ilmiting membrane, including any of the membrane materials 

20 previously discussed, and filled with a sertraline drug composition. A particular 

advantage of this configuration is that the capsule may be prepared independently of 
the drug composition, thus process conditions that would adversely affect the drug 
can be used to prepare the capsule. A preferred embodiment is a capsule having a 
shell made of a porous or a permeable polymer made by a thermal forming process. 

25 An especially preferred embodiment is a capsule shell in the form of an asymmetric 
membrane; Le. s a membrane that has a thin dense region on one surface and most 
of whose thickness is constituted of a highly permeable porous material. A preferred 
process for preparation of asymmetric membrane capsules comprises a solvent 
exchange phase inversion, wherein a solution of polymer, coated on a capsule- 

30 shaped moid, is induced to phase-separate by exchanging the solvent with a mlscible 
non-solvent. Examples of asymmetric membranes useful in this invention are 
disclosed in the aforementioned European Patent Specification 0 357 369 81 . 
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Tablets can also be reservoir systems. Tablet cores containing sertraline can 
be made by a variety of techniques standard in the pharmaceutical industry . These 
cores can be coated with a rate-controlling coating as described above, which allows 
the sertraline in the reservoir (tablet core) to diffuse out through the coating at the 
5 desired rate. 

Another embodiment of reservoir systems comprises a multiparticulate 
wherein each particle is coated with a polymer designed to yield sustained release of 
sertraline. The multiparticulate particles each comprise sertraline and one or more 
excipients as needed for fabrication and performance. The size of individual 

1 0 particles, as previously mentioned, is generally between about 50 urn and about 3 
mm, although beads of a size outside this range may also be useful. In general, the 
beads comprise sertraline and one or more binders. As it is generally desirable to 
produce dosage forms which are small and easy to swallow, beads which contain a 
high fraction of sertraline relative to excipients are preferred. Binders useful in 

15 fabrication of these beads include microcrystalline cellulose {e.g., Avicef®, FMC 
Corp.), HPC, HPMC, and related materials or combinations thereof. In general, 
binders which are useful in granulation and tab-letting, such as starch, pregeiatinized 
starch, and PVP may also be used to form multiparticulates. 

Reservoir system sertraline multiparticulates may be prepared using 

20 techniques known to those skilled in the art, including, but not limited to, the 

techniques of extrusion and spheronization, wet granulation, fluid bed granulation, 
and rotary bed granulation. In addition, the beads may also be prepared by building 
the sertraline composition (drug plus excipients) up on a seed core (such as a non- 
pareil seed) by a drug-layering technique such as powder coating or by applying the 

25 sertraline composition by spraying a solution or dispersion of sertraline in an 
appropriate binder solution onto seed cores in a ftuidized bed such as a Wurster 
coaier or a rotary processor. An example of a suitable composition and method is to 
spray a dispersion of a sertraiine/hydroxypropylcellufose composition In water. 
Advantageously, sertraline can be loaded in the aqueous composition beyond its 

30 solubility limit in water. 

A preferred method for manufacturing the muBiparticufate cores of this 
embodiment is the extrusion/spheronization process, as previously discussed for 
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matrix multiparticulates. A preferred process and composition for this method 
involves using water to wet-mass a biend of about 5 to 75% of micracrystalffna 
cellulose with oorrespondingiy about 95 to 25% sertraline. Especially preferred is the 
use of about 5-30% micracrystaine cellulose with correspondingly about 95-70% 
5 sertraline. 

A preferred process for making multiparticulate cores of this embodiment is 
the rotary-granulation process, as previously discussed for matrix multiparticulates. 

A preferred process for making multiparticulate cores of this embodiment is 
the process of coating seed cores with sertraline and optionally other exctpients, as 

1 0 previously discussed for matrix multiparticulates. 

A sustained release coating as known in the art, especially polymer coatings, 
may be employed to fabricate the membrane, as previously discussed for reservoir 
systems. Suitable and preferred polymer coating materials, equipment, and coating 
methods also include those previously discussed. 

15 The rate of sertraline release from the coated multiparticulates can also be 

controlled by factors such as the composition and binder content of the drug- 
containing core, the thickness and permeability of the coating, and the surface-to- 
volume ratio of the multiparticulates. It will be appreciated by those skilled in the art 
that increasing the thickness of the coating will decrease the release rate, whereas 

20 increasing the permeability of the coating or the surface-to-volume ratio of the 
multiparticulates will increase the release rate, if desired, the permeability of the 
coating may be adjusted by blending of two or more materials. A useful series of 
coatings comprises mixtures of water-insoluble and water-soluble polymers, for 
example, ethylcellulose and hydroxypropyl metbylceiiuiose, respectively. A 

25 particularly useful modification to the coating is the addition of finely-divided water- 
soluble matenal, such as sugars or salts. When placed in an aqueous medium, 
these water soluble membrane additives are leached out of the membrane, leaving 
pores which facilitate delivery of the drug. The membrane coating may also be 
modified by the addition of plastictzers, as is known to those skied in the art. A 

30 particularly useful variation of the membrane coating utilizes a mixture of solvents 
chosen such that as the coating dries, a phase inversion takes place in the applied 
coating solution, resulting in a membrane with a porous structure. 
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A preferred embodiment is a multiparticulate with cores comprising about 50 
to 95% sertraline and 5 to 50% of one or more of the following: microcrystaSlsne 
cellulose, PVP, HPC and HPMC. The individual cores are coated with either an 
aqueous dispersion of ethyi cellulose, which dries to form a continuous film, or a film 
5 of cellulose acetate containing PEG, sorbitol or glycerol as a release-modifying agent. 
A third class of sertraline sustained-release dosage forms includes the 
osmotic delivery devices or "osmotic pumps" as they are known in the art. Osmotic 
pumps comprise a core containing an osmotically effective composition surrounded 
by a semipermeable membrane. The term "semipermeable" in this context means 

1 0 that water can pass through the membrane, but solutes dissolved in water permeate 
through the membrane at a rate significantly slower than water. In use, when placed 
in an aqueous environment, the device imbibes water due to the osmotic activity of 
the core composition. Owing to the semipermeable nature of the surrounding 
membrane, the contents of the device (including the drug and any excipients) cannot 

1 5 pass through the non-porous regions of the membrane and are driven by osmotic 
pressure to leave the device through an opening or passageway pre-manufactured 
Into the dosage form or, alternatively, formed in situ in the Gi tract as by the bursting 
of intentionally-incorporated weak points in the coating under the influence of osmotic 
pressure, or alternatively, formed in situ in the GI tract by dissolution and removal of 

20 water-soluble porosigens Incorporated in the coating. The osmotically effective 
composition Includes water-soluble species, which generate a coiloidai osmotic 
pressure, and water-swetlabie polymers. The drug itself (if highly water-soluble) may 
be an osmotically effective component of the mixture. Sertraline acetate and lactate, 
having solubilities of 65 and 125 mg/ml, respectively, can provide an osmotic 

25 pressure in the range 2-4 atmospheres, enough to contribute some osmotic driving 
force. Because sertraline is a base, its solubility is generally higher at acidic pH. 
Therefore, the osmotic effectiveness of sertraline is aided by presence of acidic 
buffers in the formulation. The drug composition may be separated from the 
osmotically effective components by a movable partition or piston. 

30 Materials useful for forming the semipermeable membrane include 

poiyamldes, polyesters, and cellulose derivatives. Preferred are cellulose ethers and 
esters. Especially preferred! are cellulose acetate, cellulose acetate butyrate, and 
ethyl cellulose. Especially useful materials include those which spontaneously form 
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one or more exit passageways, either during manufacturing or when placed in an 
environment of use. These preferred materials comprise porous polymers, the pores 
of which are formed by phase inversion during manufacturing, as described below, or 
by dissolution of a water-soiubte component present In the membrane. 
5 A class of materials which have particular utility for forming semipermeable 

membranes for use in osmotic delivery devices is that of porous hydrophobic 
poiymers or vapor-permeabie films, as disclosed by commonly assigned co-pending 
U.S. application Serial No. 08/096,144 filed July 22, 1993, herein incorporated by 
reference. These materials are highly permeable to water, but highly impermeable to 

1 0 soiutes dissolved in water. These materials owe their high water permeability to the 
presence of numerous microscopic pores (i.e., pores which are much larger than 
rnolecuiar dimensions). Despite their porosity, these materials are impermeable to 
molecules in aqueous solution because liquid water does not wet the pores. Water in 
the vapor phase is easily able to pass across membranes made from these 

1 5 materials. Such membranes are also known as vapor-permeabie membranes. 

A preferred embodiment of this class of osmotic delivery devices consists of a 
coated bi-layer tablet. The coating of such a tablet comprises a membrane 
permeable to water but substantially impermeable to sertraline and excipients 
contained within. The coating contains one or more exit passageways in 

20 communication with the sertraline-containing layer for delivering the drug 
composition. The tablet core consists of two layers: one layer containing the 
sertraline composition (including optional osmagents and bydrophsiic water-soluble 
polymers) and another iayer consisting of an expandable hydrogel, with or without 
additional osmotic agents. This type of delivery device is illustrated in Example 20. 

25 When placed in an aqueous medium, the tablet imbibes water through the 

membrane, causing the sertraline composition to form a dispensibte aqueous 
composition, and causing the hydrogel iayer to expand and push against the 
sertraline composition, forcing the sertraline composition out of the exit passageway. 
The sertraline composition can swell aiding in forcing the sertraline out the 

30 passageway. Sertraline can be delivered from this type of delivery system either 
dissolved or dispersed in the composition forced out of the exit passageway. 

The rate of sertraline delivery is controlled by such factors as the permeability 
and thickness of the coating, the osmotic pressure of the sertraline-containing layer, 
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the water activity of the hydrogel layer, and the surface area of the device. Those 
skilled in the art wi'i appreciate that increasing the thickness of the coating wifl reduce 
the release rate, whereas increasing the permeability of the coating or the water 
activity of the hydrogel layer or the osmotic pressure of the sertraiine-containtng layer 
5 or the surface area of the device will increase the release rate. 

Exemplary materials which are useful to form the sertraline composition, in 
addition to the sertraline itself, include HPMC, PEO, and PVP, and other 
pharmaceutfcaliy-acceptabte carriers, in addition, osmagents such as sugars or salts, 
especially sucrose, mannttol, or sodium chloride, may be added. Materials which are 

10 useful for forming the hydrogei layer include sodium carboxymethyl cellulose, poiy 
(ethylene oxide), poly (acrylic acid), sodium (poiy-acrylate) and other high moiecular- 
weight hydrophilic materials. In addition, osmagents such as sugars or salts may be 
added. Particularly useful are poly (ethylene oxide)s having a molecular weight from 
about 5,000,000 to about 7,500,000. 

15 Materials which are useful for forming the coating are cellulose esters, 

cellulose ethers, and cellulose ester-ethers. Preferred are cellulose acetate and 
ethyloeflulose and optionally with PEG included as permeability modifying 
component. 

The exit passageway must be located on the side of the tablet containing the 
20 sertraline composition. There may be more than one such exit passageway. The 
exit passageway may be produced by mechanical means or by laser drilling, or by 
creating a difficult-to-coat region on the tablet by use of special tooling during tablet 
compression or by other means. The rate of sertraline delivery from the device may 
be optimized so as to provide a method of delivering sertraline to a mammal for 
25 optimum therapeutic effect. 

Osmotic systems can also be made with a homogeneous core surrounded by 
a semipermeable membrane coating. As illustrated in Examples 16, 17, and 18, 
sertraline can be incorporated into a tablet core that also contains other excipienfs 
that provide sufficient osmotic driving force and optionally solubilizing excipients such 
30 as acids or surfactant-type compounds. A semipermeable membrane coating can be 
applied via conventional tablet-coating techniques such as using a pan coater. A 
drug-delivery passageway can then be formed in flits coating by drilling a hole in the 
coating, either by use of a laser or other mechanical means. Alternatively, the 
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passageway may be formed by rupturing a portion of the coating or by creating a 
region on the tablet that is difficult to coat, as described above. 

. An embodiment of sertraline sustained release osmotic dosage forms of this 
invention comprises an osmotic sertrafine-contarnlng tablet, which is surrounded by 
5 an asymmetric membrane, where said asymmetric membrane possesses one or 
more thin dense regions in addition to less dense porous regions. This type of 
membrane, similar to those used in the reverse-osmosis industry, generally allows 
higher osmotic fluxes of water than can be obtained with a dense membrane. When 
applied to a drug formulation, e.g. a tablet, an asymmetric membrane allows high 

1 0 drug fluxes and well-controlled sustained drug release. This asymmetric membrane 
comprises a semipermeable polymeric material, that is, a material which is 
permeable to water, and substantially impermeable to salts and organic solutes such 
as drugs {e.g. sertraline). 

Materials useful for forming the semipermeable membrane include 

15 potyamides, polyesters, and cellulose derivatives. Preferred are cellulose ethers and 
esters. Especially preferred are cellulose acetate, cellulose acetate butyrate, and 
ethyl cellulose. Especially useful materials include those which spontaneously form 
one or more exit passageways, either during manufacturing or when placed in an 
environment of use. These preferred materials comprise porous polymers, the pores 

20 of which are formed by phase inversion during manufacturing, as described above, or 
by dissolution of a water-soluble component present in the membrane. 

The asymmetric membrane is formed by a phase-inversion process. The 
coating polymer, e.g. ethytcellulose or cellulose acetate, is dissolved in a mixed 
solvent system comprising a mixture of solvents (e.g. acetone) and non-solvents 

25 (e.g. water) for the efhyJcellulose or cellulose acetate. The components of the mixed 
solvent are chosen such that the solvent (e.g. acetone) is more volatile than the non- 
solvent (e.g. water). When a tablet is dipped into such a solution, removed and dried, 
the solvent component of the solvent mixture evaporates more quickly than the non- 
solvent This change in solvent composition during drying causes a phase-inversion, 

30 resulting in precipitation of the polymer on the tablet as a porous solid with a thin 
dense outer region. This outer region possesses multiple pores through which drug 
delivery can occur. 
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In a preferred embodiment of an asymmetric membrane-coated tablet, the 
polymer/solveni/non-soivent mixture is sprayed onto a bed of tablets in a tablet- 
coating apparatus such as a Freund HCT-60 tablet coater. in this process, the tablet 
is coated with thick porous regions, and with a final outer thin dense region. 
5 In the environment of use, e.g. the Gi tract, water is imbibed through the 

semipermeable asymmetric membrane into the tablet core. As soluble material in the 
tablet core dissolves, an osmotic pressure gradient across the membrane builds. 
When the hydrostatic pressure within the membrane enclosed core exceeds the 
pressure of the environment of use (e.g. the Gf lumen), the senrafine-containing 

10 solution is "pumped" out of the dosage form through preformed pores in the 

semipermeable membrane. The constant osmotic pressure difference across the 
membrane results in a constant weil-controlied delivery of sertraline to the use 
environment. A portion of the sertraline dissolved in the tablet also exits via diffusion. 
Several illustrative formulations of this type of device are described in examples 16, 

15 17, 18. and 19. 

In this asymmetric-membrane-coated sertraline tablet embodiment, salts of 
sertraline are preferred due to their aqueous solubility. The hydrochloride, aspartate, 
acetate and lactate salts are especially preferred. Of these, the acetate and lactate 
salts are most preferred. Also preferred are the inclusion of one or more solubilizing 

20 excipients, ascorbic acid, erythorbic acid, citric add, glutamic acid, aspartic acid, 
partial glycerides, glycerides, gJyceride derivatives, polyethylene glycol esters, 
polypropylene glycol esters, poiyhydric alcohol esters, poiyoxyethyiene ethers, 
sorbttan esters, poiyoxyethyiene sorbitan esters, saccharide esters, phospholipids, 
polyethylene oxide-polypropylene oxide block co-polymers, and polyethylene glycols. 

25 Most preferred are solubilizing excipients ascorbic acid, aspartic acid, glyceryl 
monocapryiate, glyceryl monostearate, glyceryl monoiaurate, and C8-C1Q partial 
glycerides. 

Osmotic tablets can also be made with a core tablet containing osmagents 
and/or solubilizing excipients surrounded first by a drug containing layer and then 
30 second a semipermeable coating. The core tablet containing osmagents and/or 
solubilizing excipients can be made by standard tabletting methods known in the 
pharmaceutical industry. The drug containing layer may be applied around the core 
by spray-coating methods where a solution or slurry of drug and excipients is coated 



WO 99/01121 



-42- 



PCMB98/00W4 



onto the tablet core. The drug and excipients may also be layered around the tablet 
core by making a "layered" type of configuration using a tablet press to form a second 
drug-containing layer around the tablet corn as described in Example 19. This type 
of compression coating method can be used to apply a powder coating {without 
5 solvents) around a tablet core. The semipermeable coating can then be applied to 
the layered core by many processes known in the art such as spray-coating or dip- 
coating methods described previously in these specifications. 

Another embodiment of sustained release sertraline osmotic dosage forms of 
this invention consists of sertraline multiparticulates coated with an asymmetric 

10 membrane, Sertraline-containing multiparticulates are prepared by, for example, 

extrusion/ spheronteation or fluid bed granulation, or by coating non-pareil seeds with 
a mixture of sertraline and a water-soluble polymer, as described above, Sertraiine- 
containing multiparticulates are then spray-coated with a solution of a polymer in a 
mixture of a solvent and a non-solvent, as described above, to form asymmetric- 

15 membrane-coated multiparticulates. This spray-coating operation is preferably 
carried out in a fluid bed coating apparatus, e.g. a Glatt GPCG-5 fluid bed coater. 
The polymer used for forming the semipermeable asymmetric membrane is chosen 
as described above for asymmetric-membrane coated tablets. Likewise excipients 
for the multiparticulate cores can be chosen as described above for asyrometric- 

20 membrane coated tablets. 

Osmotic capsules can be made using the same or similar components to 
those described above for osmotic tablets and multiparticulates. The capsule shell or 
portion of the capsule shell can be semipermeable and made of materials described 
above. The capsule can then be filled either by a powder or liquid consisting of 

25 sertraline, excipients that provide osmotic potential, and optionally solubiiizing 
excipients. The capsule core can also be made such that it has a btlayer or 
multilayer composition analogous to the bilayer tablet described above. 

A fourth class of sertraline sustained release dosage forms of this invention 
comprises coated sweilable tablets and multiparticulates, as described in co-pending 

30 commonly assigned U.S. Serial No.07/296,464, filed January 12, 1989 (published as 
BP 378404 A2; July 7, 1990), herein Incorporated by reference. Coated sweilable 
tablets comprise a tablet core comprising sertraline and a swelling material, 
preferably a hydrophilic polymer, coated with a membrane which contains holes or 
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poms through which, in the aqueous use environment, the hydrophilie polymer can 
extrude and carry out the sertraline. Alternatively, the membrane may contain 
polymeric or Sow molecular weight water soluble porosigens which dissolve in the 
aqueous use environment, providing pores through which the hydrophilie poiymer 
5 and sertraline may extrude. Examples of porosigens are water-soluble polymers 
such as hydroxypropySmethylcellulose, and low molecular weight compounds iike 
glycerol, sucrose, giucose, and sodium chioride. in addition, pores may be formed in 
the coating by drilling holes in the coating using a laser or other mechanical means. 
Sn this fourth class of sertraline sustained release dosage forms, the membrane 

10 material may comprise any film-forming poiymer, including polymers which are water 
permeable or impermeable, providing that the membrane deposited on the tablet 
core is porous or contains water-solubie porosigens or possesses a macroscopic 
hole for water ingress and sertraline release. Multiparticulates {or beads) may be 
similarly prepared, with a sertraline/sweliabie material core, coated by a porous or 

1 5 porosigen-containfng membrane. Embodiments of this fourth class of sertraline 
sustained release dosage forms may also be multilayered, as described in EP 378 
404 A2. 

Sustained release formulations may also be prepared with a small portion of 
the dose released initially rapidly, followed by sustained release of the remaining 

20 majority portion of the dose. The combined sertraline release profile in this case is 
within the scope of sustained release dosage forms of this invention, i.e. sertraline is 
released at a rate less than 40 mgA/hr, provided said dosage form (1) releases not 
more than 70% of the sertraline contained therein within the first hour following 
ingestion (or initiation of testing, and (2) releases sertraline at a rate of at least 1 

25 mgA/hr. 

When formulating sertraline, it may be advantageous to employ a high 
solubility salt, a formulation which otherwise increases sertraline solubility, or a 
combination of both collectively referred to as a "high solubility form". The following is 
a discussion of the reasons and advantages accruing, from a formulations standpoint, 
30 from the use of high solubility forms of sertraline. Whether due to the salt form 

employed or the particular exdpients employed in the dosage form, the high solubility 
form should effect a sertraline solublty of at least 10 mgA/ml. 
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Salts of sertraline or excipienis that in combination with sertraline aid in 
solubiiizing sertraiine can be beneficial to almost ai! types of sustained-release 
dosage forms. Sofubiiized sertraline can enhance release from the dosage form by 
increasing the concentration gradient for diffusive based systems such as matrix 
dosage forms and reservoir dosage forms. Sofuoiiized sertraline can also enhance 
delivery from osmotic dosage forms in that a more soluble sertraline can increase the 
osmotic pressure in the core and increase the sertraline concentration in the fluid that 
is pumped or extruded out of the dosage form, tn addition, sofubiiized sertraiine can 
benefit sustained-release formulations by aiding absorption of drug from the GJ. 
tract. For example, higher concentrations of drug in the colon can increase 
absorption due to a higher concentration gradient across the colonic wail. 

Solubilization can be particularily important for susiained-reiease sertraiine 
formulations, since sertraline tends to form gels in many aqueous solutions, including 
solutions such as the intestinal fluids which contain chloride ions. Sertraiine gels can 
be formed by simply introducing chloride ions into solutions of sertraiine lactate or 
sertraline acetate. Ssmlfarily gels can be formed by introducing acids such as tartaric 
acid or combinations of acids and surfactants such as succinic acid and sodium lauryl 
sulfate to sertraline solutions. However, other adds and/or surfactant-like 
compounds can provide solubilizlng effects, minimizing gel formation and providing a 
formulation basis for delivering sertraline in aqueous solutions containing chloride 
ions, such as intestinal fluids. 

The gelling of sertraline is surprising, and the ability of certain additives to 
prevent this gelling is both surprising and unpredictable. 

Gelling of sertraline in sustained-release dosage forms can be particularity 
detrimental in non-eroding matrix systems, reservoir systems, and osmotic systems. 
In each of these types of sustained release formulations release of the drug is 
dependent on transport of the drug across a distance within the device (matrix or 
coating layer) to the surrounding fluid. This drug transport can occur by diffusive or 
conveciive mechanisms. In both mechanisms, formation of a gel can reduce 
transport by an order of magnitude or more and In many cases will result in devices 
that exhibit incomplete drug release (e.g., less than 70% of the total drug in the 
formulation}. 
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Thus, it is advantageous to uSlize methods to solubiiize sertraline in sustained 
release formulations. One method of soiubiiizing sertraline is to make sertraline salts 
thaihave higher solubility, such as sertraline lactate, sertraline acetate, and sertraline 
aspartate. Preferred salts exhibit solubilities in water that are over 3 times greater 
than the sertraline HCl salt, which has a solubility of about 3 mgA/mf. 

Another method of soiubiiizing sertraline is to use an agent, referred to herein 
as a "soiubiitzing agent*, which actually functions to increase and preferably maintain 
the solubility of sertraline (or a salt thereof) in a use environment relative to the 
solubility of sertraline in the same use environment when the soiubiiizing agent is not 
present. 

Many soiubiiizing agents useful herein can be grouped into several broad 
categories: 

1. Organic acids and organic acid salts; 

2. Partial Glycerides, i.e., less than fully estehfied derivatives of gfycerin, 
including monoglycerides and digiycerides; 



3. 


Glycerides; 


4. 


Gtycehde derivatives; 


5. 


Polyethylene glycol esters; 


6. 


Polypropylene glycol esters; 


7. 


Poiyhydric alcohol esters; 


8. 


Poiyoxyethyiene ethers; 


0. 


Sorbitan esters; and 


10. 


Poiyoxyethyiene sorbitan esters. 


11. 


Carbonate salts 



The amount of soiubiiizing agent which should be employed depends on the 
particular soiubiiizing agent 

In the case of soiubiiizing agents which are organic acids the prefered amount 
of solubifizer can be calculated as a ratio multiplied by the quantity of sertraline to be 
used, wherein the ratio is of organic acid solubility to solubility of sertraline salt 
(organic acid or salt soiubitity/sertraiine or sertraline sait solubility) x quantify of 
sertraline where the solubilities referred to are in mg/ml. The above expression is 
approximate, and some adjustment may be advantageous for optimization. 
Generally the above expression will give a quantity which is plus or minus 25% of the 
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final value employed, although higher quantities of solubtlizing agent can be 
incorporated without any particular additional advantage, fn addition, organic acid 
salts can be added to modify the pH and/or solubility of the organic acid, effectively 
optimizing the solubilization effect of the agents, 
5 For other types of solubilizing agents listed, typically the amount of solubilizing 

agent employed fn the dosage form will be 1 to 150% by weight of the amount of 
sertraline employed therein, preferably 1 to 100%, more preferably 3 to 75%. 
Amounts of soiubilizing agent higher than 150% may be employed, although it is 
believed that in most cases no particular advantage would be provided. 

1 0 Examples of organic acids useful in the invention include malic, citric, 

erythorbic, adipic, glutamic, aspartic, maletc, aconitic, and ascorbic acid. Preferred 
acids are citric, erythorbic, ascorbic, glutamic, and aspartic. Salts of organic acids 
such as alkaikine earth metal {magnesium, calcium) salts and alkali metal (lithium, 
potassium, sodium) salts are also effective as well as mixtures of osganic acids and 

1 5 their salts. Calcium salts such as calcium carbonate, calcium acetate, calcium 
ascorbaie, calcium citrate, calcium gluconate monohydrate, calcium iactoblonate, 
calcium gluceptate, calcium ievulinate, calcium pantothenate, calcium proprionate, 
calcium phosphate dibasic, and calcium saccharate are preferred organic acid salts. 
Examples of compounds within the other categories mentioned above are 

20 summarized in Table 1 . 
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T ab le 1 



Soiubiiizing Agents 





Examples, Chemical Name 


Examples, Trade Designation, 
(Vendor) 


Partial 

Glycerides 


Glyceryl Monocaprylats 


Monocaprybn*' {Sigma), Capmur 
MCM(Abitec), imwitor® 308 (Huls) 




G8-C10 Partial Glycendes 


Capmur MCM (Abitec), Imwitor* '742 
(Huls), 

jmwnor 988 {Huls) 




glyceryl Monooieate 


Myverol 18-99 (Eastman), Calgene 
(Calgene), Capmui® GMO(Abitec) 




Glyceryl Monoiinoleate 


Myverol* 18-92 (Eastman) 




Glyceryl Monostearate 


Imwitor^ 191 (Huls) Calgene*' 
CabufCaigene) 




Glycery Monolaurate 


Imwitor* 312 {Huls) Caigene* GLO 
(Calgene) 




Glyceryl Diiaurate 


Capmuf GDL (Abitec) 








otycendes 


Triaceiin 


Thacettn (Sigma) 








Glyceride 
Derivatives 


PEG-Derivitized Glycerides 


Cremophor" RH40, Cremophor*' RH60 
(BASF), 

Acconon® CAS, CA-9, CA-15, W230, 
TGH (Abitec) 


— 


Poiyglycoiized Glycerides 


Geiucire 10 ' 44/14, 42/12, 50/13. 53/10, 
35/10, 48/09, 46707, 62/05, 50702; 
LafarasoP (Gattefosse); Capmur 3GO; 
3GS, 6G20, 6G2S, 10G4O, 10G10O 
(Abitec) 








Polyethylene 
glycol Esters 


PEG 200 Monolaurate, 
PEG 400 Monolaurate, 
PcG ouo Monolaurate 


Calgene*' 20-L, Calgene 1 * 40-L, 
Calgene® 60-L 




PEG 200 Monostearate, 

P'Prt inn Wrtfintstoiaratfi* 
* tw IViUJ iU**itS*tl cli,t5 ( 

PEG 600 Monostearate 


Calgene 141 20-S, Calgene* 40-S, 




PEG 200 Diiaurate, PEG 
400 Diiaurate, PEG 600 
Diiaurate 


Calgene* 22-L, Caigene^42-L 
Calgene® 62-L 








Polypropylene 
Glycol Esters 


Propylene Glycol 
Dtcaprytate 


Captex™ 200 (Abitec) 








Potyhydrfc 
Alcohol Esters 


Oiethytene Glycol 
Monolaurate 


Calgene*' DGL 
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Propylene Glycol 
Monoiaurate 


Caigene* PGML 




Ascorbyi Palmitate 


Ascorbyi Palmitate (Sigma) 








Polyoxyethyiene 
Ethers 


PEG Lauryi Ether 


Nonionic L-4 (Calgene) 




PEG Stearyi Ether 


Nonionic S-20 (Caigene), Myrj 45, 52, 
53, 59 (Sigma) 








Sorbttan Esters 


Sorbttan Monoiaurate 


Caigene^ SML, Span* 20 (Sigma) 




Sorbttan Wonooleate 


Caigene'" SMO. Span** 80 (Sigma) 








Polyoxyethyiene 
Sorfaitan Esters 


POE-20 Sorbitan 
Monoiaurate 


Caigene" 1 ' PSML-20, Span* 20(Sigma), 
Tween® 20 (Sigma), CapmuS® POE-L 
(Abitec) 




POE-20 Monooieate 


Tween*' 80, PSMO-20 








Saccharide 
Esters 


Sucrose Monolaurate 


Ryoio LW-1540 (Chem Service) 








Phospholipids 


Phosphatidyl choline 


Lecithin (Sigma) 




Mixed phospholipids 


Emphos D7G-30C (Witco) 


Block Co- 
polymers 


PEO-PPO Slock 
Copolymers 


Plurortfc w F-68, F127, L-62 (BASF) 








Polyethylene 
Glycate 


PEG 3350 


Vanous sources 



In addition other compounds useful as solubilizing agents in the invention are 
ethyl propionate, methyl paraben, propyl paraben, propyl gaiiate, niacinamide, ethyl 
vanillin, paraaminoberrzoic acid, butylated hydroxyanisole, imidurea, and glycine. It is 
5 also noted that preferred compositions tnciude mixtures of an organic acid with or 
without a corresponding organic acid salt, and one or more of the non-organic 
solubilizers listed above or in Table 1. It is also noted that it has generally been 
observed that in order to be most effective the solubiiizer should have a solubility in 
the aqueous chloride-ion containing use environment of at least 1mg/mi, and 
1 0 preferably greater than 5mg/mi. 

A preferred group of solubilizing agents, in addition to the preferred organic 
acids previously mentioned, includes those in Tabie 2. 
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labia 2 



Preferred Solubiliztng Agents 



Class 


Examples, Chemical 
Name 


Examples, Trade Names (source) 


Partial 
Glycerides 


Glyceryl monocapryiate 


Monocaprylin (sigma), Capmuf 

MCM{Abitec), 

Imwitor® 308 (Huts) 




C8-C 10 Partial 
Glycerides 


Capmuf MCM (Abitee), Smwitor*' 742 
(Huis), 

imwitor® 988 (Huls) 




Glyceryl Monostearate 


imwitor' 1 '' 191 (Hois) Calgene*' 
GSO(Caigene) 




Glyceryl Monoiaurate 


Imwstor* 1 312 (HQIs) Calgene* GLO 
(Calgens) 








Giycendes 


Triacetin 


Triacetin (Sigma) 








Sorbrtan Esters 


Sorbftan Monoiaurate 


Calgene* SML Span* 20 (Sigma) 




Sorbrtan Monooleate 


Caigene* SMO, Span* 80 (Sigma) 








Phospholipids 


Phosphatidyl choline 


Lecithin (Sigma) 




Mixed phospholipids 


Emphos D70-30C (Wrtco) 








Block Co- 
polymers 


PEO-PPO Block 
Copolymers 


Pluronic^ F-68, F127, L-62 (BASF) 








Polyethylene 
Glycols 


PEG 3350 


Vahous sources 



5 

Note: Commercial vendors shown above are as follows: 



Abtec Corp. Janesville, Wi 
BASF, Parsippany, NJ 
Caigene Chemical Inc. Skokie, It 
1 0 Chem Service, Inc., West Chester, PA 
HOte America, Piscataway, NJ 
Sigma, Si Louis, MO 
Witco, Houston, TX 

f 5 Preferred combinations of sdlubilteing agents include (1) an organic acid plus 

a salt of the same or a different organic acid, (2) an organic acid plus a non-tonic 
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solubilizlng agent such as arty of those listed in Table 1, and {3} art organic acid plus 
a salt of the same or a different organic acid plus a non-ionic SQiubl2ing agent. 

Particularly preferred individual soiubiitetng agents include aspartic acid, 
glyceryl monocapryiate, glyceryl monolaurate, calcium acetate, ascorbic acid, citric 
S acid, glutamic acid, and calcium carbonate. Aspartic acid, glyceryl monocapryiate, 
and calcium acetate are most preferred. 

Also preferred are combinations of the preferred acids and preferred 
solubiiizing surfactant-like compounds. A screening test useful for testing candidate 
solubilizers for use together with low solubility sertraline salts, such as sertraline 
1 0 hydrochloride, is set forth In the examples. 

Preferred embodiments of sustained release formulations are osmotic 
systems comprising a core containing sertraline lactate or sertraline acetate or 
sertraline aspartate, an acid such as ascorbic, erythorbic, citric, glutamic, or aspartic 
acid, and if needed, a soluble sugar as an osmogent, binder material such as 
1 5 microcrystafline cellulose, swellable hydrophilic polymers, and a lubricant such as 
magnesium stearate. More preferred embodiments incorporate sertraline lactate or 
sertraline acetate. 

Another preferred embodiment of sustained release formulations are osmotic 
systems comprising a core containing sertraline lactate or sertraline acetate, an acid 

20 such as ascorbic, erythorbic, citric, glutamic, or aspartic acid, a surfactant-like 
material such as partial glycerides, glycerides, sorbitan esters, phospholipids, 
polyethylene oxide-polypropylene oxide block co-polymers, and polyethylene glycols, 
and if needed, a soluble sugar to increase the osmotic pressure within the core, 
swellable hydrophtPc polymers, binder material such as microcrystalline cellulose, 

25 and a lubricant such as magnesium stearate. 

Another preferred embodiment of sustained release formulations are osmotic 
systems comprising a core containing sertraline-lactate or sertraline-acetate, a 
surfactant-like material such as partial glycerides, glycerides, sorbitan esters, 
phospholipids, polyethylene oxide-polypropylene oxide block co-polymers, and 

30 polyethylene glycols, a soluble sugar to increase the osmotic pressure within the 
core, and if needed, swellable hydrophilic polymers, binder material such as 
microcrystalline cellulose, and a lubricant such as magnesium stearate. 
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Preferred embodiments of sustained release formulations are osmotic 
systems such as any of the three osmotic systems discussed immediately above, 
and further coated: with an asymmetric membrane coating made by a phase- 
inversion process. For use in these membrane systems sertraline iactate is 
5 especially preferred:, as are ascorbic and aspartic acids, and partial glycerides. 

Delayed Plus Sustained Release 

As it is an additional object of this invention to reduce the exposure of the 
upper Gi tract to high concentrations of sertraline in order to alleviate certain side 

10 effects (e.g. nausea, diarrhea, and regurgitation), an additional class of dosage forms 
includes those forms which incorporate a delay before the onset of sustained release 
of sertraline. Such dosage forms may be described as spatially-delayed pfus 
sustained release sertraline dosage forms or temporaiiy-delayed plus sustained 
release sertraline dosage forms, as described above. In principle, any sustained 

15 release device, including any of the numerous embodiments disclosed above, can be 
coated with an exterior, usualiy all-covering, coating which provides delayed release 
{i.e., of less than 1 mgA/hr) prior to the onset of sustained release. The coating can 
be of the type which provide a temporal delay or a spatial delay. 

A first embodiment can be illustrated by a tablet comprising an immediate- 

20 release core comprising sertraline coated with a first coating of a polymeric material 
of the type useful for providing sustained release of sertraline from the core and a 
second coating of the type useful for delaying release of drugs once the dosage form 
is ingested. The second coating breaks down and becomes permeable once the 
tablet has left the stomach or after a preset time. The first (inner) coating is applied 

25 over and surrounds the tablet. The second (exterior or outer) coating is applied over 
and surrounds the first coating. 

The tablet can be prepared by techniques well known in the art and contains 
a therapeutically useful amount of sertraline plus such excipients as are necessary to 
form the tablet by such techniques. The second coating is a delay coating, either 

30 spatially delayed or temporally delayed. 

The first coating may be a sustained release coating as known in the art, 
especially polymer coatings, to fabricate the membrane, as previously discussed for 
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reservoir systems. Suitable and preferred polymer coating materials, equipment, and 
coating methods also include those previously discussed. 

Materials useful for preparing the second (defay) coat on the tablet 
include polymers known in the art as enteric coatings for pH-triggered delayed- 
release of pharmaceuticals. Such coatings are impermeable to sertraline at the 
pH of the stomach, but become permeable in the smalt intestinal environment, 
whether by dissolving, disintegrating, or otherwise breaking down, so that 
sertraline can freely pass through the coating. pH-sensttrve polymers which are 
relatively insoluble and impermeable at the pH of the stomach, but which are 
more soluble and permeable at the pH of the small intestine and colon include 
poiyacrylamides, phthalate derivatives such as acid phthalates of carbohydrates, 
amylose acetate phthalate, cellulose acetate phthaiate, other cellulose ester 
phthalates, cellulose ether phthalates, hydroxyprapyicelfulose phthalate, 
hydroxypropylethylcetiulose phthalate, hydroxypropylmethylceliuiose phthalate, 
methylceiJuiose phthalate, polyvinyl acetate phthalate, polyvinyl acetate 
hydrogen phthalate, sodium cellulose acetate phthalate, starch acid phthalate, 
styrene-maleic acid dibutyl phthalate copolymer, cellulose acetate trrmeliitate, 
styrene-maleic acid polyvinylacetate phthalate copolymer, styrene and maieic 
acid copolymers, polyacrylic acid derivatives such as acrylic acid and acrylic 
ester copolymers, polymeihacryiic acid and esters thereof, poly acrylic 
methacryiic acid copolymers, shellac, and vinyl acetate and crotonic acid 
copolymers. 

Preferred pH-sensitive polymers inciude shellac, phthalate derivatives, 
particularly cellulose acetate phthalate, polyvinylacetate phthaiate, and 
hydroxypropylmethylcelluJose phthalate; cellulose acetate trimeliitate; polyacrylic 
acid derivatives, particularly copolymers comprising acrylic acid and at least one 
acrylic add ester; polymethyl mefhacryiate blended with acrylic acid and acrylic 
ester copolymers; and vinyl acetate and crotonic acid copolymers, 

A particularly preferred group of pH-sensitive polymers includes cellulose 
acetate phthalate, polyvinylacetate phthalate, hydroxypropylmethytcellulose 
phthalate, cellulose acetate trirnetiitate, anionic acrylic copolymers of methacryiic 
acid and methylmethacrylate, and copolymers comprising acrylic acid and at 
least one acrylic acid ester. 
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The thickness of the delayed release coating is adjusted to give the desired 
delay property, in general thicker coatings am more resistant to erosion and, 
consequently, yield a Sanger delay. Preferred coatings range in thickness from about 
20 urn to about 1 mm. 

When ingested, the twice-coated tablet passes through the stomach, where 
the second coating prevents release of the sertraline (i.e. maintains a release rate 
less than 1 mg/hr) under the acidic conditions prevalent there. When the tablet 
passes out of the stomach (wherein certain side effects may be mediated) and into 
the small intestine, where the pH is higher, me second coating erodes or dissolves 
according to the physieochemicai properties of the chosen material. Upon erosion or 
dissolution of the second coating, the first coating prevents immediate or rapid 
release of the sertraline and modulates the release so as to prevent the production of 
high concentrations, thereby minimizing side-effects. 

A second embodiment of a delayed plus sustained release sertraline dosage 
form comprises a multiparticulate wherein each particle is dual coated as described 
above for tablets, first with a polymer designed to yield sustained release of the 
sertraline and then coated with a polymer designed to delay onset of release in tie 
environment of the Gl tract when the dosage form is ingested. The beads contain 
sertraline and may contain one or more exdpients as needed for fabrication and 
performance. Multiparticulates which contain a high fraction of sertraline relative to 
binder are preferred. The multiparticulate may be of a composition and be fabricated 
by any of the techniques previously disclosed for multiparticulates used to make 
reservoir systems (including extrusion and spheronization, wet granulation, fluid bed 
granulation, and rotary bed granulation, seed building, and so forth). 

The sustained release coating may be applied as known in the art. Suitable 
and preferred polymer coating materials, equipment, and coating methods also 
include those previously discussed. 

The rate of sertraline release from the sustained-release-coated 
multiparticulates (i.e., the multiparticulates before they receive the delayed-reSease 
coating) and methods of modifying the coating are also controlled by the factors 
previously discussed for reservoir system sertraline multiparticulates. 

The second membrane or coating for dual coated multiparticulates is a 
delayed-release coating which is applied over the first sustained-release coating, as 
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disclosed above for tablets, and may be formed from the same materials. However, 
it is preferred to effect a sustained or controlled delivery of sertraline after the 
dejayed-release coating has dissolved or eroded, therefore the benefits of this 
embodiment may be realized with a proper combination of delayed-reiease character 
with sustained-release character, and the deiayed-reiease part atone may or may not 
necessarily conform to standard USP enteric criteria. The thickness of the deiayed- 
reiease coating is adjusted to give the desired delay property. In general, thicker 
coatings are more resistant to erosion and, consequently, yield a longer delay. 

A third embodiment of a delayed plus sustained release sertraline dosage 
form comprises eroding or non-eroding sertraline matrix cores, usually tablets or 
multiparticulates, as described above, coated with a coating which delays the 
commencement of sertraline sustained release until the coated tablet passes from 
the stomach to the duodenum or more distaily. Polymers useful for the delay-release 
coating are pH-sensitive polymers described previously for coated reservoir tablets 
and multiparticulates. 

pH-Triggered delayed plus sustained release sertraline dosage forms also 
may be formed by coating a matrix tablet or mulfiparticutate, or an osmotic tablet core 
or multiparticulate core with a single membrane comprising a mixture of a water- 
insoluble film-forming polymer, preferably a semipermeable polymer such as 
cellulose acetate or ethylceliulose, and a pH sensitive polymer chosen from the list 
presented above. Preferred and particularly preferred pH-sensitive polymers for this 
embodiment are those preferred and particularly preferred pH-sensitive polymers 
described above. Preferred coating membranes of this embodiment comprise 10- 
70% pH-sensftive polymer. In general, thicker coating membranes will give a longer 
delay. In general, a lower pH-sensitive polymer content in the coating membrane will 
give a longer delay. The delay may be further controlled fay incorporation, to a lesser 
or greater degree, of water-soluble polymers such as HPMC, and low molecular 
weight compounds like glycerol, sucrose, glucose, sodium chloride, citric acid, and 
fumaric acid. The delay time may be increased by choosing water-soluble membrane 
porosigens which have lower solubility or slower hydration. For example, citric acid 
as a membrane coating poroskjen, relative to fumaric acid as a membrane coating 
porosigen, will cause a shorter delay, due to citric acid's higher solubility. 
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A fourth embodiment includes the osmotic dosage forms, as previously 
discussed in the section relating to 'Sustained Release", but which are 
engineered to have a delay period longer than 15 minutes, included in the 
osmotic embodiments are biiayer tablets comprising (1) a sertraline and 
5 Qsmagertf-containing layer, wherein the osmagent may be lactose, sucrose, an 
organic add or base, a salt, or the like, (2) a second layer containing a swelling 
polymer, for example polyethyieneoxide, and (3) a polymeric coating around the 
entire biiayer tablet, said coating comprising preferably a semipermeable 
polymer such as cellulose acetate along with one or more sertraline exit ports 

10 located on the sertraline-containing side of the tablet. The delay period can 

suitably be engineered into the osmotic dosage form by increasing the thickness 
of the membrane or by decreasing its porosity. Such a delay may have 
therapeutic advantages such as decreased side effects and decreased 
metabolic interactions with co-administered drugs. 

1 5 Osmotic dosage forms which are delayed plus sustained release dosage 

forms of this invention include sertrallne-containing core tablets and multiparticulates 
surrounded by a semipermeable asymmetric membrane. The core tablet contains 
sertraline, an osmotically effective solute, and optionally acidic sertraline solubiiszers, 
surfactant-like inhibitors of sertraline ge! formation, swelling polymers, viscosity 

20 altering polymers, and other common pharmaceutical excipients as needed. The 
drug itself, if highly water soluble, may be an osmoticalSy effective component of the 
mixture, Saits of sertraline are preferred. The hydrochloride, aspartate, acetate, and 
lactate saits are especially preferred. Of these, the acetate and lactate are most 
preferred. Sertraline acetate and lactate, having solubilities of 64 and 125 mg/ml, 

25 respectively, can provide an osmotic pressure in the range 2-4 atmospheres, enough 
to contribute some osmotic driving force. 

Materials useful for forming the semipermeable membrane include 
poiyamides, polyesters, and cellulose derivatives. Preferred are cellulose ethers and 
esters. Especiaily preferred are cellulose acetate, cellulose acetate butyrate, and 

30 ethyl cellulose. Especially useful materials include those which spontaneously form 
one or more exit passageways , either during manufacture or when placed in an 
environment of use. These preferred materials are used to make porous coatings, 
the pores of which are formed by phase inversion during manufacturing, or by 
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dissolution of a water-soluble component present m the membrane. Preparation of 
phase-inversion asymmetric semipermeable membranes has been described above 
in this disclosure. 

in a preferred embodiment of an asymmetric-membrane-coated tablet, a 
5 poiymer/so!vent/non-solveni mixture is sprayed onto a bed of tablets in a tabtet- 
coattng apparatus such as a Freund HCT-60 tablet coater. in this embodiment, the 
tablet is coated with thick porous regions, and with a final outer thin dense region. To 
form a dense region that causes a delay, the spray solution is sprayed under 
conditions farther away from the conditions causing phase inversion than would be 

10 used to make asymmetric membrane-coated tablets without a deiay period. 

In the environment of use, e.g. in the G! tract, water is imbibed through the 
semipermeable asymmetric membrane into the tabiet core. As soluble materia! in the 
tabiet core dissolves, an osmotic pressure gradient across the membrane builds. 
When tiie hydrostatic pressure within the membrane-enciosed core exceeds the 

1 5 pressure of the environment of use (e.g. the Gl lumen), the sertraline-containing 
solution is "pumped* out of the dosage form through the preformed pores in the 
semipermeable membrane. 

It is preferred to include in the tablet or multiparticulate core one or more 
sertraiine-solubiiizing excipients, including ascorbic acid, erythorbic acid, citric acid, 

20 glutamic acid, aspartic acid, partial glycerides, glycerides, giyceride derivatives, 
polyethylene glycol esters, polypropylene glycol esters, polyhytiric alcohol esters, 
polyoxyethylene ethers, sorbitan esters, polyoxyethytene sorbitan esters, saccharide 
esters, phospholipids, polyethylene oxide-polypropylene oxide block co-polymers, 
and polyethylene glycols. Most preferred are soiubilizing excipients ascorbic acid, 

25 aspartic acid, glyceryl monocaprylate, glyceryl monostearate, glyceryl rnonoiaurate, 
and C8-C10 partial glycerides. 

The delay period may be engineered to be up to 3 hours or more by selection 
of the composition of the asymmetric membrane, e.g. by the selection of the ratio of 
membrane polymer (such as cellulose acetate or etbyiceiiuiose) to plasticker (such 

30 as PEG-3350 or other water-soluble plasUcteer). Increasing the membrane thickness 
or the membrane polymer to piasticizer ratio results in a longer delay time. The delay 
may be further controlled by incorporation, to a lesser or greater degree, of water- 
soluble polymers such as HPMC, and low molecular weight compounds like glycerol, 
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sucrose, glucose, solium chloride, citric acid, and fumaric acid. The delay time may 
be increased by choosing water-soluble membrane porosigens which have Sower 
solubility or slower hydration. For example, citric acid as a membrane coating 
porosigen, relative to fumaric acid as a membrane coating porosigen, will cause a 
5 shorter delay, due to citric acid's higher solubility. The delay time may be increased 
by incorporating a lower proportion of non-solvent in the coating solution to move 
slightly away from idea! phase inversion conditions. The deiay time may be 
decreased by incorporating a iarger proportion of osmotic excipients, or excipients 
with higher osmotic pressure, or sofubiiizers into the core formulation. Asymmetric 

1 0 membrane-coated osmotic tabiet delayed plus sustained release sertraline dosage 
forms of mis invention are exemplified in Examples 17 and 18. 

A fifth embodiment of delayed pius sustained release dosage forms 
comprises coated swelling hydrogel tablets and multiparticulates, as described in 
copending commonly assigned U.S. Serial No. 07/295,464, filed Jan. 12, 1989 

1 5 {published as EP 378404 A2; July 7, 1 990), herein incorporated by reference. 

Coated sweilable tablets comprise a tabiet core comprising sertraline and a swelling 
material, preferably a hydrophiiic polymer, coated with a membrane which contains 
holes or pores through which, in the aqueous use environment, the hydrophiiic 
polymer can extrude and carry out the sertraline, Afternatively, the membrane may 

20 contain polymeric or low molecular weight water soiubie porosigens which dissolve in 
the aqueous use environment, providing pores through which the hydrophiiic polymer 
and sertraline may extrude. Examples of porosigens are water-soluble polymers 
such as HPMC, and iow molecular weight compounds like glycerol, sucrose, glucose, 
sodium chloride, citric acid, and fumaric acid, in addition, pores may be formed in the 

25 coating by drilling holes in the coating using a laser or other mechanical means. In 
this fifth embodiment of delayed pius sustained release sertraline dosage forms, the 
membrane material may comrise any film-forming polymer, including polymers which 
are water-permeabie or impermeable, provided that the membrane deposited on the 
tabiet core is porous or contains water-soiubte porosigens, or possesses a 

30 macroscopic hole for water ingress and sertraline release. 

For coated swelling hydrogel tablets and multiparticulates, preferred swelling 
polymers for the core include polyethylene oxide of molecular weights from 3000 to 
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500,000, and carboxymethyfceiiuiose. Preferred coating polymers include cellulose 
acetate and ethylceilulose, and hydrophobic polymers such as ethylene vinyl acetate. 

For coated swelling hydrogei tablets and muitiparticulates, the delay period may 
be engineered to be up to 3 hours or more by selection of the composition of the 
5 membrane , i.e. by the selection of the ratio of membrane to porosigen. Increasing 
the membrane thickness or the membrane polymer to porosigen ratio results in a 
longer delay time. The delay time may be increased by choosing water-soluble 
membrane porosigens which have lower solubility or slower hydration. For example, 
citric acid as a membrane coating porosigen, relative to fumaric acid as a membrane 

10 coating porosigen, will cause a shorter delay, due to citric acid's higher solubility. The 
delay time may be decreased by incorporating a larger proportion of lower molecular 
weight (e.g. less than 20,000 daltons) swelling polymer into the core formulation. 

A sixth embodiment is an enzyme-triggered system such as an enzyme- 
triggered supported liquid membrane coating of the type described in 

1 5 international Application PCT/ US93/07463, published as WO 94/1 21 59 on June 
9, 1994, herein incorporated by reference. The coating Is a mtcroporous 
hydrophobic membrane possessing a hydrophobic liquid entrained within the 
pores of the membrane. This membrane encloses a diffusive matrix core or an 
osmoticaliy active core which contributes to the control of sertraline release after 

20 the dosage form has exited the stomach. The hydrophobic liquid is substantially 
impermeable to both the aqueous environment and the underlying sustained 
release formulation. The hydrophobic liquid is capable of change such that it 
becomes permeable to the aqueous environment. After ingestion of the dosage 
form by a mammal, sertraline release into the gastrointestinal system is delayed 

25 until the dosage form has exited the stomach and moved into the duodenum. 
The entrained hydrophobic liquid undergoes change which is enzymaticaliy 
catalyzed in the lumen of the smal! intestine, and not in the stomach, such that 
the hydrophobic liquid in the delay coating pores breaks down so the membrane 
becomes permeable to water and sertraline. Exemplary hydrophobic liquids are 

30 triglycerides, fatty anhydrides, fatty acid esters of cholesterol, hydrophobic amino 
acid esters, and the like. Preferred triglycerides include triolein, tricapryiin, 
trilaurin, olive oil, palm oil, coconut oil, sesame seed oil, com oil, peanut oil, 
soybean oil, and the like. Preferred fatty acid anhydrides include capryiic 
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anhydride, lauric anhydride, myristic anhydride and the like, Mixtures of 
hydrophobic liquids may be used. Exemplary materials for the microporous 
hydrophobic support delay membrane or coating include cellulose esters, 
polycarbonates, polyalkenes, polystyrenes, polyvinyl esters, polysifoxanes, 
5 polyacrylates, and potyethers. Preferably the hydrophobic microporous 

membrane with entrained hydrophobic liquid is impermeable io sertraline, until 
gastrointestinal enzymes have catalyzed a change in the hydrophobic oil, as 
described beiow. 

in the environment of use, i.e., the small intestinal lumen, lipases and 

1 0 esterases degrade the aforementioned hydrophobic oils, forming surfactant 
products in the pores of the microporous membrane of this embodiment, thus 
producing aqueous channels through which the sertraline in the device core may 
exit through the microporous hydrophobic support membrane. Once the delay 
membrane becomes porous, release of the sertraline is controlled by the 

1 5 sustained release limitations of the underlying device or the porosity and 
thickness of the porous hydrophobic coating. 

In an enzyme-triggered supported liquid delay membrane as disclosed 
above, hydrophobic oiis may be used which are substrates for small intestinal 
proteases such as trypsin, earboxypeptidase and chymotrypsin, Exemplary oils 

20 are hydrophobic esters of amino acid derivatives. 

in a further embodiment of a spatiaily-deiayed plus sustained release 
sertraline dosage form, sustained release sertraline tablets, capsules, beads, or 
powders are coated with a coating which contains components which are 
ertzymaticaily degraded by enzymes in the rumen of the small intestine, but not 

25 in the gastric lumen. The coating comprises waxes or triglycerides of naturai or 
synthetic origin which are solid at body temperature, in preferred embodiments, 
2-20% of a material which is liquid at body temperature, and which is degraded 
by small intestinal enzymes (e.g. trypsin, chymairypstn, eiastase, lipase), is 
included. Suitable enzymaticaiSy-labiie liquids are those described above for 

30 "enzyme triggered supported liquid membrane devices'. Preferred waxy 
coatings are applied at 3-20% of the weight of the uncoated sertraline tablet, 
capsule, bead, or powder. 
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fn a seventh embodiment, a temporaliy-delayed sertraline dosage form, 
sustained release sertraline tablets, beads, or particles are prepared and are further 
coated with a water-soluble and/or water-disintegrabie delay layer. In preferred 
embodiments, disintegrating end non-disintegrating sertraline matrix tablets or beads 
5 are coated with a temporal delay layer Preferred deiay coatings include 

hydroxypropytaelluSose (HPC), hydroxyprqpySrnethylceflulose (HPMC), polyethylene 
oxide (PEO), and polyvinyl pyrrolidone (PVP). For tablets this coating may be 
applied in a tablet coating apparatus such as an HCT-30, HCT-60, or HCT-130 
Coater, available from Freund inc. The tablets are coated with an aqueous solution 

1 0 of HPMC or other appropriate polymer to a final coating weight of 5-50% of the final 
weight of the coated tablet. Heavier coating weights give longer delays before the 
onset of sertraline release into a use environment such as the Gl lumen. The delay 
time may also be increased by incorporating smali to moderate quantities of poorty 
water-soluble polymers, including but not limited to ethylceiluiose (EC), cellulose 

1 5 acetate (CA), and cellulose acetate butyrate, into the coating formulation. For 

example, the coating formulation may consist of 95:5 HPWC/EC to 50:50 HPMC/EC, 
or 95:5HPMC/CA to 50:50 HPMC/CA. In the case of such mixed poiymer coating 
systems, it may be necessary to adjust the solvent composition to dissolve the 
mixture of water-soluble and poorly water-soluble polymers. For example, mixtures 

20 of acetone and water, or ethanol and water, may be used as needed. Beads and 
particles may be similarly coated using a fluid bed coating apparatus, such as a Glatt 
GPCG-5 coater. For beads, the coating comprises from about 10% to about 100% of 
the weight of the uncoated bead core. For sertraline powders, the coating comprises 
from about 15% to about 200% of the weight of the uncoated bead core. 

26 

Safe 

This invention relates to sertraline acetate, which can be prepared according 
to the following procedure. 

The free base of sertraline is dissolved in a suitable organic solvent such as 
30 ethyl acetate; an unsaturated hydrocarbon such as hexane or pentane; an aromatic 
hydrocarbon, such as benzene or toluene; or a cyclic or acyclic ether such as 
dioxane, tetrahydrofuran, diethyl ether or methoxyrnethyl ether or a combination 
thereof or a combination of any of those solvents with water. A suitable organic 
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solvent is any solvent in which the free base of sertralfne is freely soluble, in which 
the acetate salt of sertraline is particularly insoluble and which facilitates the formation 
of the desired crystalline form, Hexane is preferred due to its ability to dissolve 
sertraline, its inability to dissolve sertraline acetate and for the quality of the crystals 
5 obtained upon granulation therewith. The temperature of the solution is maintained 
at room temperature or is raised to the boiling point of the solvent being used, it is 
preferred to raise the temperature to slightly below the boiling point of the solvent 
being used, generally between 30°C and 60*0. When hexane is used, it is preferred 
to raise the temperature to approximately 4Q*C. An excess of acetic acid is then 

1 0 added to the reaction mixture. It is generally preferable to add one to two equivalents 
of acetic acid for every equivalent of sertraline. Typically, 1.1 equivalents of acetic 
acid is added. When the reaction is complete, sertraline acetate generally 
precipitates. Occasionally, to obtain a better yield of said sertraline acetate, the 
reaction mixture is cooled, generally to about room temperature or about 0°C, After 

15 precipitation of the salt, it is generally advantageous to continue to stir or granulate 
the precipitate. When granulating, ft is ordinarily preferable to do so at room 
temperature or slightly above room temperature and no greater than 35°C. The 
crystals which form are isolated by filtration. The crystals of the acetate salt of 
sertraline are washed with hexane and are dried at elevated temperature and 

20 reduced pressure, generally 30*-6G°C for 24 to 48 hours or a period of time sufficient 
to remove substantially all traces of hexane and any unreacted acetic acid. 

Alternatively, sertraline acetate can be prepared directly from a salt of 
sertraline, for example, sertraline hydrochloride or sertaline mandeiats, without 
isolation of the free base form of sertraline. Typically, sertraline hydrochloride is used 

25 in this preparation. When using this procedure, said salt of sertraline is slurried in 
water and dilute aqueous base is added dropwise or in small portions. The pH of the 
solution is monitored during the addition of base to prevent the addition of an 
excessive amount of base, Typically, the pH is maintained between about 6.5 to 9.5. 
Preferably, the pH is maintained at 8.5. Suitable aqueous bases which can be used 

30 in this reaction include sodium hydroxide, sodium carbonate, sodium bicarbonate, 
potassium carbonate and potassium bicarbonate. Preferably, aqueous sodium 
hydroxide is used. The free base of sertraline thus formed is partitioned into an 
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immiscible organic solvent such as hexane, ethyl acetate, benzene, toluene or ethers 
such as diethyl ether, dioxane or methoxyrnethyi ether. Generally, hexane Is 
preferred. The immiscible organic phase is separated from the aqueous phase and 
the organic phase is washed with water to remove chloride ions. The organic phase 
5 containing the free base form of sertraline is then treated as disclosed in the previous 
paragraph to afford sertraline acetate. 

This invention also relates to sertraline L-lactate, which can be prepared 
according to the following procedure. 

The free base of sertraline is dissolved in a suitable organic solvent such as 

10 ethyl acetate; an unsaturated hydrocarbon such as hexane or pentane; an aromatic 
hydrocarbon, such as benzene or toluene; or a cyclic or acyclic ether such as 
dioxane, tetrahydrofuran, diethyl ether or methoxyrnethyi ether or a combination 
thereof or a combination of any of those solvents with water. A suitable organic 
solvent is any solvent in which the free base of sertraline is freely soluble, in which 

15 the L-iactate salt of sertraline is particularly insoluble and which facilitates the 

formation of the desired crystalline form. Ethyl acetate is preferred due to its ability to 
dissolve sertraline, its inability to dissolve the sertraline L-lactate and for the quality of 
the crystals obtained upon granulation therewith. The temperature of the solution is 
maintained at room temperature or is raised to the boiling point of the solvent being 

20 used. It is preferred to raise the temperature to slightly below the boiling point of the 
solvent being used, generally between 3Q*C and 60°C. When ethyl acetate is used, it 
is preferred to raise the temperature to approximately A0"C. An excess of L-iactic 
acid is then added to the reaction mixture. It is generally preferable to add one to two 
equivalents of L-iactic acid for every equivalent of sertraline. Typically, 1 . 1 

25 equivalents of L-iactic acid is added. When the reaction is complete, sertraline L- 
iactate generally precipitates. Occasionally, to obtain a better yield of sertraline L- 
lactate, the reaction mixture is cooled, generally to about room temperature or about 
0°C. After precipitation of the salt, it is generally advantageous to continue to stir or 
granulate the precipitate. When granulating, it is ordinarily preferable to do so at 

30 room temperature or slightly above room temperature and no greater than 35°C. The 
crystals which form are collected by filtration. The crystals of the L-lactate salt of 
sertraline are washed with ethyl acetate or hexane and are dried at elevated 
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temperature and reduced pressure, generally 30-60'C for 24 to 48 hours or a period 
of time sufficient to remove substantially aii traces of solvent and any unreacted L- 
lactic acid. 

Alternatively, sertraline L-iadate can be prepared directly from a salt of 
5 sertraline, for example, sertraline hydrochloride or sertraline mandeiate, without 
isolation of the free base form of sertraline. TypicaPy, sertraline hydrochloride is used 
in this preparation, When using this procedure, sertraline hydrochloride is slurried in 
water and dilute aqueous base is added dropwise or in smaii portions. The pH of the 
solution is monitored during the addition of base to prevent the addition of an 

10 excessive amount of base. Typically, the pH is maintained between about 6.5 to 9,5. 
Preferably, the pH is maintained at 8.5. Suitable aqueous bases which can be used 
in tiiis reaction include sodium hydroxide, sodium carbonate, sodium bicarbonate, 
potassium carbonate and potassium bicarbonate. Preferabiy, aqueous sodium 
hydroxide Is used. The free base of sertraline thus formed is partitioned into an 

15 immiscible organic solvent such as hexane, ethyl acetate, benzene, toluene or ethers 
such as diethyl ether, dioxane or methoxymethyl ether. Generally, ethyl acetate is 
preferred. The immiscible organic phase is separated from the aqueous phase and 
the organic phase is washed with water to remove chloride ions. The organic phase 
containing the free base form of sertraline is then treated as disclosed in the previous 

20 paragraph to afford sertraline L-iactate. 

Sertraline L-iactate may also be prepared directly from sertraline mandeiate. 
When using this procedure, sertraline mandeiate, which is prepared by the method 
described in U.S. Patent No. 4,536,518, is slurried in a mixture of water and a 
suitable organic solvent. Suitable organic solvents for this reaction include ethyl 

25 acetate; unsaturated hydrocarbons such as hexane or pentane; aromatic 
hydrocarbons, such as benzene or toluene; and cyclic or acyclic ethers such as 
dioxane, tetrahydrofuran, diethyl ether and methoxymethyl ether, The slurry is 
generally cooled to a temperature below room temperature such as 0°C to 20°C. 
Typically the reaction mixture is cooled to about 15°C. The free base of sertraline is 

30 then generated by the addition of a suitable base. Suitable bases for this reaction 
include sodium hydroxide, sodium carbonate, sodium bicarbonate, potassium 
carbonate and potassium bicarbonate. Preferably aqueous sodium hydroxide is 
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used, Enough base is added to the reaction mixture to ensure complete conversion 
of the sertraline mandelate to sertraline free base. Typically this conversion is 
complete when the pH of the aqueous layer is at about 9,6. The organic layer, 
containing sertraline free base, is separated from the aqueous portion and the 
5 aqueous portion is generally extracted with additional portions of organic solvent. 
The organic layers are combined and concentrated. Filtration may occasionally be 
necessary to clarify the solution, biactic acid is added directly to this solution and the 
reaction mixture is generally stirred for an extended period to granulate the sertaSne 
L-lactate which forms. Typically the stirring is continued for 8 to 48 hours and 

10 preferably for about 16 to 24 hours. The sertraline L-iactate is then isolated and 
purified as disclosed hereinabove. 

This invention also relates to crystalline sertraline L-aspartate, which can be 
prepared according to the following procedure. 

The free base of sertraline is dissolved in a suitable organic solvent such as 

15 ethyl acetate; an unsaturated hydrocarbon such as hexane or pentane; an aromatic 
hydrocarbon, such as benzene or toluene; or a cyclic or acyctic ether such as 
dioxane, tetrahydrofuran, diethyl ether or methoxymethyl ether or a combination 
thereof or a combination of any of those solvents with water. A suitable solvent is 
any solvent or combination of solvents in which the free base of sertraline Is freely 

20 soluble, in which the L-aspartate salt of sertraline is particularly insoluble and which 
facilitates the formation of the desired crystalline form. Ethyl acetate in combination 
with a small amount of water is preferred due to its ability to dissolve sertraline and L- 
aspartic acid, its inability to dissolve the sertraline l-aspartate and for the quality of 
the crystals obtained upon granulation therewith. It is preferred to use a solution of 

25 ethyl acetate containing two to three per cent water. It is especially preferred to use a 
solution of ethyl acetate containing three per cent water. The temperature of the 
solution is maintained at room temperature or Is raised to the boiling point of the 
solvent being used. It is preferred to maintain the temperature at room temperature. 
An excess of aspartic acid is then added to the reaction mixture. It is generally 

30 preferable to add one to two equivalents of aspartic acid for every equivalent of 
sertraline. Typically, 1.1 equivalents of aspartic acid is added. When reaction is 
complete, sertraline L-aspartate generally precipitates. Occasionally, to obtain a 
better yield of sertraline L-aspartate, the reaction mixture Is cooled, generally to about 
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room temperature or about 0*C. After precipitation of the salt, it is generally 
advantageous to continue to stir or granulate the precipitate. When granulating, it is 
ordinarily preferable to do so at room temperature or slightly above room temperature 
ami no greater than 35°C. The crystals which form are collected by filtration. The 
5 crystals of the L-aspartate salt of sertraline are washed with ethyl acetate saturated 
with water and are dried at elevated temperature and reduced pressure, generally 30- 
60*C for 24 to 48 hours or a period of time sufficient to remove substantially all traces 
of ethyl acetate, water and any unreacted aspartic acid. 

Alternatively, sertraline L-asparfate can be prepared directly from a salt of 

10 sertraline, for example, sertraline hydrochloride or sertraline mandelate, without 
Isolation of the free base form of sertraline. Typically, sertraline hydrochloride is used 
in this preparation. When using this procedure, sertraline hydrochloride is slurried in 
water and dilute aqueous base is added dropwise or in small portions. The pH of the 
solution is monitored during the addition of base to prevent the addition of an 

15 excessive amount of base. Typically, the pH is maintained between 6.5 to 9.5. 
Preferably, the pH is maintained at 8,5. Suitable aqueous bases which can be used 
In this reaction include sodium hydroxide, sodium carbonate, sodium bicarbonate, 
potassium carbonate and potassium bicarbonate. Preferably, dilute sodium 
hydroxide is used. The free base of sertraline thus formed is partitioned into an 

20 immiscible organic solvent such as hexane, ethyl acetate, benzene, toluene or ethers 
such as diethyl ether, dioxane or methoxymethy! ether. Generally, two to three per 
cent aqueous ethyl acetate is preferred. The immiscible organic phase is separated 
from the aqueous phase and the organic phase is washed with water to remove 
chloride ions. The organic phase containing the free base form of sertraline is then 

25 treated as disclosed in the previous paragraph to afford sertraline L-aspartate. 

The free base of sertraline is prepared as disclosed in U.S. Patent No. 
4,538,518 or by neutralizing an aqueous solution of a salt of sertraline such as, for 
example, sertraline hydrochloride or sertraline mandeiate with an aqueous base such 
as sodium hydroxide, sodium carbonate, sodium bicarbonate, potassium carbonate 

30 or potassium bicarbonate. The free base of sertraline can be used in solution or can 
be isolated as a crystalline solid. 
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Sertraline hydrochloride and sertraline marsdelate are prepared by the 
methods disclosed in U.S. 4,538,518. 

. The hygroscopicities of sertraline acetate, sertraline L-lactate and sertraSine 
aspartate are measured using a moisture microfaaiance such as the VTi moisture 
balance {VTi Moisture Microbalances, MB 300 G and MB 300 W, VTI Corporation, 
Hiaieah, Florida, USA), Sertraline acetate, sertraline L-lactate and sertraline acetate 
are exposed to atmospheres having a range of humidity from 10% to 90% humidity. 
A temperature of 2S*C is maintained during ail hygroscopicity measurements. The 
moisture adsorption and desorptlon isotherms of sertraline acetate, sertraline L~ 
lactate and sertraline aspartate In those atmospheres are determined using the VTI 
moisture microbalance. Sertraline acetate, sertraline L-iactate and sertraline 
aspartate are not hygroscopic over the range of humidities studied. 

The mechanical properties of sertraline acetate and sertraline L-lactate are 
determined by testing the compression stress, solid fraction, dynamic indentation, 
reduced elastic modulus, quasistatic indentation, elastic modulus, shear modulus and 
tensiie strength thereof. Table 1 displays the results of the testing of mechanical 
properties of sertraline acetate. 
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TABLE 1: Machanicai Properties of Sertraline Acetate 



cropeny 


Test 


Sertraline acetate 


Compression Stress, Mpa 


Compact Preparation 


36.7 (2.5) 


solid Fraction 


Compact Preparation 


0.831 


Dynamic indentation Hard., 
Mpa 


Dynamic Indentation 


60.0 (0.4) 


Keauced clastic Modulus, 
GPa 


Dynamic Indentation 


5.1 (0.5) 


Quasistatic indentation 
Hard,, Mpa 


Quasistatic Indentation 


261 (1.3) 


Elastic Modulus, Gpa 


Quasistatic indentation 


2.2 (0.2 


Shear Modulus, Mpa 


Quasistatic Indentation 


99.9(19.1} 


Tensiie Strength, Mpa 


Tensiie Fracture 


0.52 (0.03) 


Table 1a displays the results of the testing of mechanical properties on sertraline L- 
lactate. 

TABLE 1a: Mechanical Properties of Sertraline L-lactate 


Property 


Test 


Sertraline -L-lactate 


Compression Stress, Mpa 


Compact Preparation 


52.8 (0.7) 


Solid Fraction 


Compact Preparation j 0.862 


Dynamic Indentation Hard., 
Mpa 


Dynamic Indentation 


81.6(1.6) 


Reduced Elastic Modulus, 
GPa 


Dynamic indentation 


7.4 (0.6) 


Quasistatic indentation 
Hard., Mpa 


Quasistatic Indentation 


31.1 (1.4) 


Elastic Modulus, Gpa 


Quasistatic indentation 


2.0 (0.2) 


Shear Modulus, Mpa 


Quasistatic indentation 


113.9(4.6} 


Tensile Strength, Mpa 


Tensile Fracture 


0-56 (0.02) 
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Mechanical properties such as tensile strength, elastic modulus and hardness 
of pharmaceutical compacts {of drug, exeipient as weli as drug and excipient) cannot 
be estimated by standard methods used in metallurgy because pharmaceutical solids 
cannot be compressed into homogeneous fully dense bodies. In genera! the following 
four categories of mechanical properties are routinely evaluated: elastic, viscoeiastie, 
plastic and fracture. All four categories contribute towards the three events of a 
compaction process, i.e., compression, dwell and decompression. The estimation of 
mechanical properties of pharmaceutical powders is difficult because critical 
parameters which influence the measurement of mechanical properties such as 
particle size distribution, crystal habit, surface texture, degree of crystaiJinity and 
crystaliographic symmetry vary considerably in these materials. However, indices of 
tabteting performance (hereinafter termed IIP") are used for predicting the tableting 
performance of pharmaceutical compacts (Hiestand, E.N., Smith, D.P. Powder Tech., 
38: 145-159, 1984; Hiestand, E.N., Smith, D.P. Adv. Ceram., 9: 47-57, 1984). These 
indices are derived from critical measurements made to assess the mechanical 
response of tie compacts (measurements are not made during the process of 
compaction). By measuring and calculating these mechanical properties a person 
skilled in the art can understand the fundamental properties of the pharmaceutical 
powder. This understanding allows the skilled person to determine whether a tablet 
dosage form can be manufactured. Measurement and calculation of the ITP 
mechanical properties such as tensile strength, indentation moduius and hardness of 
the compressed compact is accomplished according to procedures described by 
Hiestand (J. Pharm. Sci., 60:758-763, 1971; J. Pharm. Set, 53: 605-512, 1974; j. 
Pharm. Sci., 74; 768-77Q, 1985; Pharmaceutical Technology, 8: 54-66, 1989; int. J. 
Pharm., 67: 217-229, 1991; Int. J. Pharm., 67; 231-246, 1991). 

The measurements of mechanical properties can be routinely accomplished 
using square compacts of the pure drug substance, in this case sertraline acetate 
and sertraline Uactate. The measurements are made in triplicate and the compacts 
are prepared by uniaxial compression and biaxial decompression. 

The most critical material properties that Influence powder compaction are its 
ductility, elasticity and tensile strength. Ducffity is determined by penduium impact 
and is a dynamic indentation test to determtne the hardness of the compact. The 
hardness of the compound is inversely related to its ductility. Since plastic 
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deformation enhances tnterparticie bonding, high ductility or Sow hardness is most 
desirable. Typically, dynamic indentation hardness values below 100 Mpa are high; 
values in the 100-200 MPa range are marginal and values greater than 200 MPa are 
low. 

The elastic modulus (also known as Young's modulus) of the compact is 
determined by measuring the amount of dent recovery after a prolonged 
(quasielastic) indentation hardness test, it is desirable to have low eiastic response 
of the material during decompression which implies that the material should exhibit 
low elastic modulus. Elasticity values of greater than 8 GPa are high, values 
between 1-8 GPa are moderate and values less than 1 GPa are low. 

Tensiie strength is measured by transverse compression of the compacts until 
it results in tensiie fracture, it is desirable to have high tensiie strength. Tensile 
strength of greater than 2 MPa is high, values in the range of 0.8-2.0 Mpa are 
moderate and vaiues less than 0.8 MPa are tow. 

Hiestand's IIP is comprised of the following characteristics; brittle fracture 
index (herein termed BR}, best case bonding index (herein termed bBI), worst case 
bonding index (herein termed wBI) and strain index (herein termed SI). 

The BFJ is a measure of the propensity of a compact to break or fragment 
under stress from existing cracks and holes in the compact, BFI is used by the 
skilled person to indicate the propensity of a tablet to break or fragment during 
processing (i.e. failure) such as during ejection from a tablet press or during film 
coating. A brittle fracture index value of 0 is excellent, vaiues in the range of 0.01- 
0.09 are good; vaiues in the range of 0.1-0.19 are marginal and vaiues of 0.2-1 .0 are 
poor. 

Bonding index is an estimate of the capacity of a compact to retain 
interparticulate bonds during elastic recovery. Hiestand has attributed the process of 
plastic deformation as the principal mechanism for formation of tablet bonds when a 
pharmaceutical powder is subjected to stress under a load. The estimate of plastic 
deformation is used in calculating the bonding index. The estimation of bonding 
index is important since decompression is a major step in the manufacture of tablets. 
The worst case bonding index (wBI) and best case bonding index (bBI) assess the 
ability of the interparticulate bonds that have been formed during compression to 
survive the release of strain energy during compression. Under conditions of high 
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speed manufacture of tablets w8l is more applicable than bSI. Bonding index values 
of greater than or equal 2 are excellent; values between 0.8-1 .9 are good; values 
between 0.3-0.7 are marginal and values less than 0.3 are poor. 

The strain index is a measure of the elastic recovery of the compact. It can 
5 also be stated to be a measure of the extent of elastic recovery during the unloading 
phase. Elastic recovery from an indentation process can be utilized as an estimate of 
the elastic modulus. 

Samples for the testing of mechanical properties are prepared according to 
standard procedures. To generate reliable data, such samples must be free of 

10 mechanical flaws, such as microcracks. Therefore, a specialized tablet press, 
prepared as described in U.S. Patent No. 4,880,373, is utilized. This press 
compresses the powder uniaxially (i.e., in one dimension) and then slowly 
decompresses the powder triaxially {i.e., in three dimensions). The samples are 
compressed to a given degree of compaction, termed the reference state. This 

15 allows the mechanical property data to be compared to other materials which have 
been compressed to the sane reference state. The standard compaction procedure 
Is to compact powders to a solid fraction of 0.85. Solid fraction, or relative density, is 
the apparent density of the compact divided by me true (absolute) density of the 
compact. The apparent density of the compact is determined by measuring the 

20 volume thereof and dividing by the mass. This measurement is usually made in cubic 
centimeters per gram. The true density of the powder is determined by helium 
pycnometry. Ordinarily, to achieve the desired solid fraction, trial compactions of 
carefully weighed powder samples must be performed and the soiid fraction of the 
resultant compact is measured. Adjustments to solid fraction are achieved by 

25 increasing or decreasing the powder weight. 

The square compacts which serve as the test specimens are prepared using 
the triaxia! decompression tablet press, prepared as described in U.S. Patent No, 
4,880,373, with a square split die and 1.9 cm square upper and lower punches. The 
prefabricated die and lower punch are mounted in the tablet press and the die is filled 

30 with the preweighed powder. The powder surface is smoothed with a spatula and the 
upper punch is placed In the die on top of the powder. To ensure a high level of 
precision, the process is ordinarily computerized. The die hydraulic ram is brought to 
full extension, pressing the die halves tightly together. Next, the punch ram is 
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brought to full extension, compressing the powder uniaxial!?. Once the ram reaches 
full extension, it remains so for a five minute dwell period. During this dwell, the 
punch and die forces relax somewhat due to stress relaxation in the sample. At the 
end of the dweil, the computer bleeds off the metal-to-metal forces on tie punch and 
5 die hydraulic cylinders and then begins the triaxiai decompression for 15 minutes. 
During this phase the punch and die forces are simultaneously slowly backed off, 
keeping the pressures at a 1~to-1 ratio, until reaching the minimum forces attainable 
by the hydraulic system. The finished compact is then retrieved and the process 
repeated. Center hole compacts are prepared in the same manner except that the 

10 lower punch has a spring-loaded pin installed in it. Usually the center hole passes 
through about 75% of the compact. A micro drill press, fitted with a bit the same 
diameter as the punch pin, is used complete the hole. Ail samples are allowed to 
relax for an 18 to 24 hour period prior to testing. 

The relaxed compacts are used as the test specimens for the mechanical 

15 measurements. The following table summarizes the testing techniques, the key 
measurements, and the properties determined by the tests. 
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TABLE 2. Mechanical Property Testing Techniques and Measurements 



| Technique 


Key Measurements 


Measured Properties 


Derived Properties 


Indentation 
Hardness 


1 Initial Height, hj 

2 Rebound Height, h f 

3 Chorda! Radius, a 


Dynamic Hardness, 


1 Reduced Elastic 
Modulus, E' 

2 Viscoelastic 
Constant, VE 

3 Worst Case 
Bonding index, B^ 

4 Brittle/ Visco- 
elastic Bonding 
Index, bBi v 


Indentation Hardness 


1 Relaxed Force, F 

2 Chorda! Radius, a 


1 Quasi-Static 
Hardness, H 10 

2 Shear Modulus, G 


1 Best Case Bonding 
Index, Bi b 

2 Viscoelastic 
Constant, VE 

3 Elastic Modulus, E 


Fracture 


t Force, F 
2 Compact 
Thickness, T 


1 Tensile Strength, cj T 


1 Worst Case 
Bonding Index, Bl w 

2 Best Case Bonding 
Index, Bifc 

3 Brittle Fracture 
Index, BFI 

4 Brittle/ Visco- 
elastic Bonding 
Index, b8l v 


Fracture 


1 Force, F 

2 Compact 
Thickness, T 


1 Compromised 
Tensile Strength, oro 


1 Brittle Fracture 
index, BFI 


Powder Flow 


1. Shear Strength, 


1 Effective Angle of 
Interna! Friction, 


1 Uniform Flow 
Number, UFN 
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Ho, of the compacts is measured with a 



pendulum impact apparatus , prepared as described in U.S. Patent No. 4,885,933. 
The compact is mounted in pneumatically-powered clamps with a solid backing 
behind the compact. The spherical pendulum has a known mass and diameter and 
5 is poised at a predetermined initial angle before release. The pendulum is released 
toward the compact, strikes the compact and rebounds. The time required for the 
pendulum to pass between two photocells of given distance apart is measured and 
the pendulum rebound height, h r is automatically calculated. These measurements 
and calculations are conveniently made by a computer. The dented compact is 

10 removed from its damps and it is mounted on a surface profiiometer (Surfanaiyzer 
5000, Federal Products, Inc., Providence, Rhode Island). This instrument's probe is 
carefully positioned and then it scans the dent surface by traversing across it. Three 
parallel scans are performed on each dent. The first is performed across the dent 
center, and the second and third equidistant are performed on either side of the first 

15 scan. The profile data of ali three scans are saved and analyzed by performing 
circular curve fitting to determine the dents chorda! radius and to calculate H & 
according to equation (1), 



where m and r are the indentor's mass and radius, g is the gravitational constant, a is 
the dent's chorda! radius and h s and h r are the initial and rebound heights of the 
indentor, 

Quasistatic indentation hardness. H 10 , is determined by slowly pushing a 
25 motor-driven spherical indentor, prepared as described in U.S. Patent No. 4,957,003, 
into the surface of a compact to a predetermined distance and holding it in that 
position for a fixed period of time. This is termed the dwei! period. The indentor is 
generally held in position for about five to twenty minutes and preferably for ten 
minutes. At the end of the dwell period, the force on the indentor is recorded. The 
30 compact is removed, its dent scanned and analyzed as described above for the 
pendulum test and H« is calculated according to equation (2), 



H c =((4mgrh r )Ma*)*((h/h f )-0-375) 



(D, 



20 
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H^/fra 2 } (2), 

where F r is the relaxed force on the indentor after the dwell time and a is the dent's 
chordal radius. The compact is held in place by pneumatically powered damps. The 
5 indentor diameter is the same as the pendulum's diameter {2.54 cm). The 
penetration depth of the quasistatic indentor is such that the chorda! radius of the 
dent would match that produced in the impact test. 

The tehsJie strength of regular compacts, ct j is determined by the transverse 
compression of the compact to fracture between a stationary piaten and a motor- 
ic driven piaten of given width. The force on the platens is monitored continuously and 
a force-time profile is displayed on the computer screen after the test The profile is 
analyzed by identifying the point of fracture which usually exhibits a sharp drop in 
force. An event marker is also used to help identify the break when the sample 
visibly cracks. The tensile strength is then caicuiated according to equation {3), 

15 

^F^/fWp^PTF (3) 

where W p is the platen width, T is the thickness of the compact and PTF is the 
perpendicular tensile force which is 0.16 when the piaten width is 40% of the compact 

20 width. The rate of compression in the test is monitored by calculating a time constant 
and adjusting the platen speed such that the time constant lies between ten and 
twenty seconds. With equivalent time constants; materia! viscoelastic effects are 
avoided. The time constant is defined as the time in seconds on the force-time profile 
between and F^ !e, where Ff^ is the force at which the compact fractures 

25 and FmasJ® is an exponent, the time difference between F^^ and Fi^Ze is defined 
as the "time constant." This normalization of time constant is incorporated into the 
calculations to eliminate the contributions from viscoelasricity of the material towards 
its fracture. 

The compromised tensite streng th, a-ro, is measured on center-hole 
30 compacts using the same apparatus and motor speed settings as in the regular 
tensile strength test, it is calculated according to equation (3) above. 
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Esmsisdtem evaluations are performed using a simplified plate-type shear ceil 
on the non-compacted powders after they have equilibrated at least 18 hours to a 
given relative humidity (RH), usually 50%, at ambient temperature. Shear cells are 
prepared as described in Hiestand and Wilcox, J. Pharm. Sri., 1989, 58, 1403-10; 
5 Hiestand et at., J. Pharm. Sci, 1973, 62, 1513-1517; and Htestand and Wells, 
Proceedings International Powder and Bulk Solids Handling and Processing 
Conference, Rosemnorrt, it, May 10-12 (1977). A circular bed of powder, 4 to 6 mm 
thick and 83.5 to 82,5 mm in diameter, is formed on a coarse sandpaper surface 
using a template. The template is removed and a sled, which is attached to a load 

10 eel! by a tow line, is placed on the powder A weight is placed on the sled and the 
machine's motor is started which pulls the weighted sled across the powder. The 
pulling force is continuously measured by the load cefl. The force rapidly increases to 
a maximum until the sled begins to move across the powder in a shearing action at 
which point a force reduction is observed. The motor's direction is then reversed until 

15 the tow line goes slack. The motor then pulls again to a maximum force and the 
motor direction again reversed. The process is repeated several times more until the 
force maxima is reproducible. The powder bed is then manipulated to its previous 
shape. The sled, carrying identical weight, is placed back on top of the powder. The 
above process is repeated until the plateau force is obtained. The powder bed is 

20 reformed and the entire process repeated with a different weight on the sled. The 
effective angle of internal friction is calculated as the arc tangent of the slope of the 
piof of plateau shear stress versus consolidation stress. This parameter is used to 
calculate the Uniform Flow Number . UFN, as shown in equation (4), 

25 UFN-0.667*{42-5) (4), 

where 6 is the effective angle of intemai friction. 

Sertraline acetate does not possess any deficiencies that impede the 
formation and preservation of particle bonds during compression and decompression. 
30 Specifically, sertraline acetate was found to have high ductility and relatively low 
elastic modulus. Overall, sertraline acetate has exceptional mechanical properties 
and particle bonding ability and thus is an excellent candidate for tablet manufacture. 



WO 99/01121 



-76- 



PCT/IB98/00934 



The values for the intrinsic mechanica! properties of the lactate sati indicate 
that it possesses no weaknesses which would impede particle bond formation and 
preservation during compression and decompression. The tensile strength of 
sertraline L-lactate was found to be very high. Further, the compression stress of the 
5 lactate salt of sertraline was greater than its hardness. Values for the tabietting 
indices of the lactate sail of sertraline suggest that it is an excellent candidate for 
tablet manufacture. Overall, sertraline L-lactate has exceptional mechanical 
properties, particle bonding ability and tabtetting index values. Thus, sertraline l- 
lactste is an excellent candidate for tablet manufacture. 

10 Crystalnity of sertraline acetate, sertraline L-lactate and sertraline L- 

aspartate are determined by polarized light microscopy and powder X-ray diffraction. 
The powder X-ray diffraction pattern is determined at ambient temperature using an 
X-ray diffractometer (Oiffraktometer 5000, Siemens Analytical X-ray Systems, Inc., 
5300 Enterprise Lane, Madison, Wi 53719-1 173). Typically samples are placed in an 

15 aluminum holder and are scanned with the diffraction angle, 26, increasing from 5* to 
35°, with a step size of 0.02° and a counting time of one second. The thermal 
characteristics, melting point, heat of fusion and loss in weight during heating were 
determined using two instruments; Differential Scanning Calorimeter (DSC 4, Perkin 
Elmer, USA) and Thermogravimetric Analyzer (SSC 5200, Seiko, Japan). 

20 To determine the solubility of sertraline acetate, sertraline L-lactate and 

sertraline L-aspartate, an aliquot of sertraline acetate, sertraline L-iactate or sertraline 
L-aspartate is added to a measured amount of water in a screw cap vial. To 
accelerate the attainment of equilibrium the saturated solution can be prepared at a 
temperature higher than ambient temperature. The vial is placed on a rotator that is 

25 immersed in a water bath at 40*C. At this temperature enough sertraline salt is 
added until excess solid is present in the viaL The vial is maintained at 40°C for 6 
hours at which time the temperature is lowered to 15*0 for two hours. The 
temperature of the vial is then adjusted to 25*C and is maintained at this temperature 
for up to two days. At the end of the equilibration time, the solution is filtered, the pH 

30 of the filtrate is measured and an aliquot of the filtrate is assayed by reverse phase 
HPLC to determine the concentration of sertraline in solution. The HPLC assay is 
performed using a Waters Symmetry C-18, 250x4.6 mm column, eiuted at 1.0 
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mL/min. with a mobile phase solution. The column can be purchased from Waters 
Corp. , 34 Maple Street, Miffcrd, MA 01757. The mobile phase solution is prepared 
by mixing 270 mL of tetrahydrofuran, 230 mL of methanol and 400 mL of buffer. The 
buffer is prepared by adding 1 .7 ml of phosphoric acid and 3.5 mL of triethylamine to 
5 one liter of water. The excess solid in the via! is collected, dried and then 
investigated for its crysfainity using microscopy and thermal analysis. The instant 
acetate salt of this invention has a water solubility of 84 mg/mi. The instant L-lactate 
©ait of sertraline of this invention has a water solubility of 125 mg/mL. The instant L- 
aspartate salt of sertraline of this invention has a water solubility of 28.8 mgA/mL. 

10 This high degree of water solubility permits more sertraline to be delivered over a 
shorter period of time, which is particularly useful for acute Indications. Furthermore, 
a high solubility is advantageous in osmotic oral controlled release dosage forms 
which deliver a solution of sertraline in a controlled fashion. 

The chemical stabilities of sertraline acetate, sertraline L-lactate and sertraline 

15 L-aspartate are determined using reverse phase high performance liquid 
chromatography (reverse phase HPLC, same conditions as above) assay of samples 
that have been subjected to accelerated stability challenge. In an accelerated 
stability challenge, samples of sertraline acetate are subjected to varying 
combinations of humidity and temperature conditions for varying lengths of time. The 

20 following combinations of humidity and temperature are particularly useful in 
evaluating the chemical stability of sertraline and various salt forms thereof. The 
activity of sertraline acetate as well as the presence of impurities and decomposition 
products is quantitated in these investigations. Generally a drug is considered stable 
if the amount of new impurities detected is less than 0.1% of the amount of the drug 

25 used. The stability of sertraline acetate, sertraline L-lactate and sertraline L-aspartate 
in the solid state as well as in solution was determined. 

Accelerated stability testing is conducted by subjecting sertraline acetate, 
sertraline L-lactate or sertraline L-aspartate to standard test conditions of temperature 
and humidity as defined by the ICH {International Conference on Harmonization of 

30 Technical Requirements for the Registration of Pharmaceuticals for Human Use) 
Guidelines, Generally, a sample of sertraline acetate, sertraline L-lactate or sertraline 
L-aspartate is evaluated at 40"C ± 2°Cf 75% RH ± 5% for a period of 24 weeks. In 
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addition samples are placed under the following conditions: 50*C ± 2 °C/ 20% RH for 
24 weeks; 70'C ± 2 0 CJRH £ 10% for 3 weeks. Stability of sertraline acetate, 
sertraline L-iactate or sertraline L-aspartate is also evaluated by placing it in 0.01 N 
hydrochloric acid solution for 6 weeks at 50*C and In 0.01 N sodium hydroxide 
5 solution for 6 weeks at 50 e C, All of the samples subjected to stability testing are 
evaluated for puhty and decomposition by performing a reverse phase HPLC 
analysis, using the same conditions as described above. When the above 
experiments are performed on sertraline acetate, sertraline L-ladate or sertraline L- 
aspartate, no new decomposition products were observed at levels greater than 0.1% 

10 of the parent compound. The purity of each of the sertraline acetate, sertraline L~ 
lactate and sertraline L-aspartate samples was greater than 99%. 

In the treatment of the diseases and conditions disclosed herein and claimed 
in the appendant claims, sertraline acetate, sertraline L-lactate or sertraline L- 
aspartate may be formulated as immediate release dosage forms as disclosed, for 

15 example, in U.S. Patent No. 4,536,518. Alternatively, sertraline acetate, sertraline L- 
lactate or sertraline L-aspartate may be formulated in a controlled release dosage 
form, such as a sustained release dosage form, an encapsulated solution dosage 
form or a delayed release dosage form. The manner of making and using such 
sustained release, encapsulated solution and delayed release dosage formulations Is 

20 disclosed in commonly-assigned copending U.S. applications entitled "Encapsulated 
Solution Dosage Forms of Sertraline", and "Deiayed-Release Dosage Forms of 
Sertraline*, respectively, and having Pfizer docket numbers PC9838JTJ and 
PC9524JTJ, respectively, each of which are PCT applications designating the United 
States and each of which is incorporated herein by reference. 

25 In general, sertraline acetate, sertraline L-!actate and sertraline L-aspartate 

are normally administered in dosages ranging from about 0.2 mgA/kg of body weight 
per day to about 10 rngA7kg of body weight per day, although variations will 
necessarily occur depending upon the conditions of the subject being treated and the 
particular route of administration chosen. Typically, a preferred range of dosages is 

30 about 1 5 mgA of sertraline acetate, sertraline L-tactate or sertraline L-aspartate per 
day to about 200 mgA of sertraline acetate, sertraline L-lactate or sertraline L- 
aspartate per day for average adult subjects having a body weight of about 70 kg. 
However, the preferred dosage amount will depend upon the dosage form In which 



